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INTRODUCTION

MODERN REFRIGERATION and AIR CONDITIONING covers the

practical application of refrigeration in all of its branches--Domestic,

Commercial, Frozen Food Refrigerators, Air Conditioning, Heat

Pumps, etc.

MODERN REFRIGERATION and AIR CONDITIONING teaches refrig-

eration and air conditioning principles --the foundation on which a

thorough knowledge of these important subjects is based.

Beginners and apprentices in refrigeration and air conditioning will

find this book a real aid to getting started on a pleasant and profitable

career. Experienced servicemen will find it invaluable as a guide, and

a reference.

Andrew D. Althouse

Carl H. Turnquist
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Chapter 1

FUNDAMENTALS

OF REFRIGERATION

1-1. HISTORY OF REFRIGERATION

As far back as history can be

traced, snow, ice, and cold water have
aided mankind in keeping his food

supply in good condition. Even today in

some areas porous vessels containing

water are used to cool beverages and

foods. Also, during the warmer
months, food is kept in deep caves or

just over the surface of water in deep

wells.

Refrigeration, the industry of pre-

serving food by cold, first became of

commercial importance during the

18th century, when ice formed during

the winter on the surface of lakes and

ponds was cut and stored in insulated

store rooms to be used during the

summer. This practice was followed

by shipping ice from the colder cli-

mates to the hotter zones, but this did

not turn out successfully. The use of

natural ice made necessary the build-

ing of insulated containers or ice

boxes. These first appeared on a large

scale during the 19th century.

Ice was first made artificially in

about 1820, but it was not until 1834

that this was done successfully. Jacob
Perkins, an American engineer, was
the inventor of this apparatus, which
was the forerunner of our modern
compression systems. In 1855 aGer-
man produced the first absorption type

of refrigerating mechanism, although

Michael Faraday discovered the prin-

ciple of the absorption type in 1824.

The production of artificial ice

made very little progress until shortly

after 1890. During that yeara shortage

of natural ice gave impetus to the

mechanical ice-making industry.

Since 1890, the growth of mechanical

refrigeration in the United States has

been phenomenal.
Domestic refrigeration first made

its appearance about 1910. J. M.

Larsen produced a manually operated

household machine in 1913. It was not

until 1918 that the first automatic

refrigerator was available on the

American market (the Kelvinator).

The Kelvinator Company sold its first

machine in 1918. Kelvinator sold

sixty-seven machines that year. Be-
tween 1918 and 1920 two hundred units

were sold. Freezing of meats was first

studied in 1923 and was the origin of

the frozen foods industry. The General

Electric Monitor Top appeared in 1926

after eleven years of experimenting.

The Monitor Top was the first of the

"sealed" or hermetic automatic re-

frigerating units. Beginning with 1920,

domestic refrigeration became one of

our important industries. The

Electrolux, which is an automatic

domestic absorption unit, appeared on

the American market in 1927. The use

of automatic refrigeration units for

comfort cooling appeared on the mar-
ket in 1927.

11
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1-2. SCOPE OF MECHANICAL
REFRIGERATION

Mechanical Refrigeration is used

for domestic refrigeration, commer-
cial refrigeration, air condition-

ing, comfort cooling, dehumidifying,

freezing foods, cooling in manufactur-

ing processes, and numerous other

applications.

1-3. HEAT

Heat is molecular motion. All

substances are made up of tiny mole-
cules which are in a state of rapid

motion (vibration). As the tempera-
ture of a substance is increased the

motion increases and as the tempera-
ture decreases, the molecules motion

decreases. If all heat is extracted

(absolute zero) from a substance, the

molecular motion will cease.

1-4. COLD

Cold is a relative term used to

denote a low temperature. Cold is not

something which is produced, but

rather heat is extracted and the

resulting condition is called cold. A
refrigerator produces a condition

called "cold" by the process of

extracting heat from the interior of

the refrigerator cabinet. The refrig-

erator does not destroy the heat, but

rather pumps the heat from the inside

of the box to the outside. Heat and cold
are opposite ends of the same thing.

It may be pointed out here that heat
cannot travel from a cold body to a

hot body, but always travels from the

body of a higher temperature to a
colder one. (Second law of Thermo-
dynamics.)

there is an important effect on the

bacteria that are present in most
foods. Cold, or low temperatures,

slows up the growth of these bacteria

and foods do not spoil as fast. Slowing

the movement or cooling of the mole-
cules tends to make all organisms
more sluggish. Spoiling of food is

actually the growth of bacteria in the

food. If these bacteria can be kept

from increasing, the food will be

edible for a longer period of time.

Since most foods have a considerable

water content, the food must be kept

just above freezing temperatures.
If food is frozen slowly atnearthe

freezing temperature the ice crystals

formed are large and their growth
ruptures the food tissues. When the

food melts it spoils rapidly and its

appearance and taste are ruined. Fast

freezing at very low temperatures
forms small crystals and the food

tissues are not injured.

1-6. REMOVING HEAT

Heat always flows from hot to

cold, that is from higher temperatures
to lower temperatures. Faster moving
molecules impart some of their

energy to slower moving molecules.

Therefore, the faster molecule slows
a little and the slower one moves a

little faster. Sometimes, however, the

molecules instead of moving slower
or faster, change their shape. The
change in shape is caused by one or

more of the atoms in the molecules

shifting to a different position and the

molecule will change from a gas to a

liquid, or vice versa.

1-7. BASIS OF MECHANICAL
REFRIGERATION

1-5. HOW COLD PRESERVES FOOD

As the molecules move slower,

In order to understand the opera-

tion of the mechanical refrigerator, it

is important to understand the

12
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physical and thermal properties of the

mechanisms and of the substances

used to produce cold. A study of

elementary physics is needed in order

that all the explanations may be well

understood. A leaking canpe can be

kept afloat by means of bailing the

craft with a sponge. If the sponge is

used to soak up the water and is then

squeezed over the side and the process

repeated the canoe will be freed from
the water. The water has not been

destroyed, but merely conveyed from
inside the canoe into the lake.

A refrigerator operates in a similar

manner. A substance (refrigerant) is

piped into the refrigerator in such a

way that it soaks up heat from the box

and is then passed to the outside of the

box where the heat is squeezed out.

The repetition of this cycle on the part

of the refrigerant produces a condition

in the box called cold. It should be

noted that some of the heat has been

removed, not all of it. Service manag-
ers of refrigerator companies prefer

service and installation mechanics who
are well grounded in the essential

principles of physics as it pertains to

refrigeration.

1-8. DIMENSIONS

All measurement of dimensions in

this text are based on the English

units such as, inches, feet, and yards.

One must be able to accurately meas-
ure cabinet sizes and volumes. One
must be able to measure tubing sizes,

piston, cylinder, journal sizes and the

like to very accurate dimensions.

12 inches (in.) = l foot (ft.)

3 feet (ft.) = 1 yard (yd -)

5280 feet (ft. ) = x mi^ (
mi -)

6080 feet (ft. ) = 1 nautical (mi.)

Two dimensional space (area) is also

measured in feet and inch units; that

is, a square inch or a square foot.

1 square inch is a square area with a

-/YD-

! i
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1-9. PROBLEMS

1. How many square inches are
equal to 4 square feet? Ans. 576

2. How many square feet are equal

to 1440 square inches? Ans. 10

3. How many square yards are

equal to 1296 square inches?

Ans. 1

4. How many cubic inches are

equal to 10 cubic feet?

Ans. 17280

5. How many cubic feet are equal

to 6 cubic yards? Ans. 162

1-10. MASS AND WEIGHT

Mass is a property of all matter,
for everything has mass. Gas has
mass, water has mass, and metals
have mass. The mass is indication of

the number of molecules present in a
unit quantity of a substance. The
weight of a substance is due to the

earth's attraction on the substance
(gravity). The only condition in which
a substance has no weight is when it

is falling in a vacuum under the
influence of gravity. At all other
times it has weight. Therefore, weight
divided by acceleration due to gravity
is mass. Ordinarily gravity pull on an
object will give the object a falling

acceleration of 32.2 ft. /sec/ sec.

Therefore:

mass = Weight = slugs

32.2 ft. per sec. per sec.
The unit of mass is the slug.

It is important to know this slug
value because all mass obeys the
following rule:

Force — mass x acceleration.

The English units for weight are the
ounce, the pound, and the ton.

16 ounces (oz.) = 1 pound (lb.)

2000 pounds (lb.) = 1 ton (ton)

Example: What is the mass of a
10 lb. substance:

Mass is W - 10 - .3106 slugs
~g~ TO"

W - Weight of substance

g — 32.2 feet per second per second

1-11. SOLIDS

Substances exist in three physical

forms: The solid, the liquid, and the

gaseous. Water, for example, may
exist in any one of the above physical

forms. If it is ice, it is a solid; if it is

water, it is a liquid; while as steam,
it is a gas. Three different methods
are used to express physical proper-
ties of substances or materials

corresponding to the three states of

matter.

r^i
SOLID LIQUID GAS

1-3. The various ways materials exert pressure. The

arrows represent the direction of and the relative amount
of the pressures.

A solid is any physical substance
which retains a certain shape. It is

made of untold billions of molecules,
all exactly the same, that stay in the
same place relative to each other, and
vibrate back and forth. The lower the

temperature, the slower the mole-
cules vibrate, and the higher the

temperature, the faster the molecules
vibrate. These molecules are strongly
attached to each other and consider-
able force is necessary to move them.

1-12. LIQUIDS

A liquid is any physical substance
which will assume the shape of its

14
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container but which has the molecules

strongly attached to each other. One
.could imagine the molecules swim-
ming amongst its fellow molecules but

never leaving them. As the tempera-
ture rises, the moledales will swim
faster and vice versa. Fig. 1-3.

1-13. GASES

A gas is any physical substance

which must be contained in sealed

container or it will soon dissipate.

These molecules have little attraction

,
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1-4. The standard pressure scales and the different ways
of registering atmospheric pressure.

1. A simple mercury barometer is shown at (A). The
compound gauge (B) is calibrated in inches of mercury
for pressures below atmospheric, and in pounds per
square inch gauge for pressures above atmospheric.
The water column (C) illustrates the water equivalent

of the mercury barometer.
2. This illustrates pressures of from pounds per square
inch .to 30 pounds per square inch gauge expressed in

common units. It may be noticed that all values, read-
ing horizontally, are equal. The apparent difference in

readings is due to the scale used.

for each other and travel in a straight

line (fly) and will ricochet or rebound
from any other molecules they con-

tact. They have no attraction for each
other or any other substance.

Any particular substance can be
made to exist in any of these three

forms. Any molecule can be made to

vibrate, or swim or fly depending on

two things: temperature and pressure.

Before one can understand this change

of state, he must study temperature

and pressure.

Comparative weights of solids and

liquids may be expressed by either

density or specific gravity. Density is

defined as the weight per unit volume.

Specific gravity is defined as the ratio

of the weight of a certain volume of

a substance to the weight of an equal

volume of water.

Comparative densities of gases
are expressed by specific volumes.
Specific volume is the volume of one
pound of a gas at standard conditions.

Standard conditions are considered to

be 68 F. and 29.92 inches of mercury
column pressure. See Figures 1-4 &
1-5.

1-14. SYMBOLS

F - Degrees Fahrenheit

C — Degrees Centigrade

F^ = Degrees Fahrenheit Absolute

C^ - Degrees Centrigrade Absolute

p - pounds — lbs.

psi - pounds per square inch^lbs..

per sq. in.

i - inches - in.

f r foot or feet = ft.

si r square inch = sq. in.

sf = square feet or foot =sq. ft.

pcf ^pounds per cubic foot - lbs.

per cu. ft.

Example: What is the specific vol-

ume of air if 10 cubic feet of it

weighs .7 5 pounds?

15
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Specific Volume _ Volume in cu. ft. _

Weight in lbs.

10 = 13.3 cfp

.75

Example: If 1 cubic foot of iron

weighs 490 pounds what is its specific

gravity? Density of water - 62.4 pcf.

Specific gravity of iron =

490 pounds per cubic foot - 62.4

62.4 pounds per cubic foot

Examples: What is the density of a

liquid if 3000 cubic inches of it weighs

108.5 pounds?
108.5poundsx 1728 cubic inches per

cubic foot _
3000 cubic inches

108.5 x 1728

3000

373 r.
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Pressures are expressed in

pounds per unit of area or in inches
s
of static pressure of liquids. The
most popular pressure indicating in-

struments register >n pounds per
square inch ABOVE the atmospheric

pressure. The pressure of zero
pounds per square inch gauge is equal

to the atmospheric pressure (approx-

imately 14.7 pounds per square inch;

15 pounds per square inch is usually

used for computation purposes).

Pressures below atmospheric pres-
sure are termed vacuums and a

perfect vacuum may be described as -

14.7 pounds per square inch gauge or
pounds per square inch absolute.

Therefore, the absolute pressure
scale has its zero at a pressure
which cannot be further reduced.

Pressure is also indicated in inches

of mercury or water column and may
be either above atmospheric pressure
or absolute pressure depending on the

construction of the gauge. Mercury is

usually used for measuring pressures
below atmospheric pressure and
water for SMALL PRESSURES above.

(GAS LINES, ETC.)
The barometer. Figure 1-4, is an

example of a mercury gauge. With a

vacuum in one end of the tube, it is

found that the atmospheric pressure
will support a mercury column 29.92

in. in height at sea level under
standard conditions.

1-17. BOYLE'S LAW

Boyle's Law expresses a very
interesting relation between the pres-
sure and volume of a gas. It is stated

as follows:

"The volume of a gas varies
inversely as the pressure provided
the temperature remains constant."

This means if a certain quantity of

gas has its pressure doubled, the
volume becomes one-half that of the

original. Or, if the volume becomes

doubled, the gas has its pressure
reduced by one-half. If a perfect gas
is considered, Boyle's Law may be
expressed as a formula:

Pressure x Volume =A constant

number.

This being true, one can say that when
either the pressure or the volume is

changed, the corresponding pressure
or volume is changed in the opposite
direction. Therefore, Old Pressure x
Old Volume - the New Pressure x the

New Volume. THIS FORMULA WILL
HOLD TRUE ONLY IF THE PRES-
SURES ARE EXPRESSED AS ABSO-
LUTE PRESSURES. Expressed in

letter form:

Po x Vo n Pn x Vn
Example:
What is the new volume, if 5 cubic

feet of gas at 20 pounds per square
inch gauge are compressed to 60

pounds per square inch providing the

temperature remained constant?

Consider atmospheric pressure - 15

pounds per square inch.

Po x Vo - Pn x Vn
Po= 20 pounds per sq. in. gauge =

(20 + 1 5) - 35 pounds per sq. in. abs.

Vn = 60 pounds per sq. in. gauge -

(60 + 15) = 75 pounds persq. in. abs.

35 x 5 =75 x Vn
35 x 5 rVn

75

3J3 = Vn
15

J_ -Vn
3

2.33 cubic feet - Vn = New Volume

1-18. DALTON'S LAW

Dalton's Law of partial pressures
is the foundation of the principle of

operation of one of the absorption type

refrigerators. The law may be stated

as follows:

"The total pressure of a mixture
of gases is the sum of the partial

17
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pressures of each of the gases in the

mixture."

The total pressure of the air is the

sum of the oxygen, the nitrogen, the

carbon dioxide, and the water vapor

pressure.

The law further explains that each

gas behaves as if it occupies the space

ALONE. This explains why water will

evaporate from a floor after a scrub-

bing. The water vapor pressure is so

low in the air that the water will turn to

water vapor (very slowly of course) at

temperatures of 70 F. down to freezing.

1-19. FORCE

1-21. POWER

POWER IS DEFINED AS THE TIME
RATE OF DOING WORK. The common
unit of mechanical power is the horse-

power and is the equivalent of 33,000

foot-pounds of work per minute. If in the

above problem the 200-pound weight is

lifted 10 feet in 2 minutes, the power
required would be:

Horsepower _ weight x distance or

time x 33,000

Horsepower required 200 x 10

,3 Horsepower
2 x 33,000

Force is accumulated pressure. If a

piston of 10 sq. in. area has a pressure

on it of 25 lbs. per sq. in., the force on

the piston is: 10x25=2 50 lbs.

1-20. WORK AND ENERGY

A complete study of energy relations

is also necessary to a complete under-
standing of refrigeration. ENERGY is

described as "THE CAPACITY TO DO
WORK," where WORK is defined as

"FORCE MULTIPLIED BY DISTANCE
THROUGH WHICH IT TRAVELS." The
unit of work is called the foot-pound.

One foot-pound is the amount of work
done in lifting a one pound weight a

vertical distance of one foot. Work is

sometimes expressed in inch-pounds.

In this case, the distance through which
the force acts is measured in inches.

Example: Calculate the work done
in foot-pounds in lifting a weight of

2000 pounds a vertical distance of 10

feet.

Work i Force x Distance
- 2000 x 10 =20, 000 foot-pounds

or expressed in inch units

2000 x 10x12 =240,000 inch-pounds

Energy is the ability to do work.
The electric motor supplies the energy
to drive the refrigerator compressor.

1-22. TEMPERATURE

Temperature is defined as the heat

intensity or heat level of a substance.

Temperature alone does not give the

amount of heat in a substance, but it is

an indication of the degree of warmth,

or how hot the body is.

The molecular theory of heat states

that temperature is an indication of the

speed of motion of the molecule. It is

important not to use the words heat and

temperature carelessly. Temperature

measures the speed of motion of one

molecule, while heat is the speed of

motion of the molecule PLUS the num-

ber of molecules (weight) so effected

Example: A small copper dish heated tc

1340 F. does not contain as much heai

as 5 pounds of copper heated to 300 F

but it is warmer. That is, its heat level

is higher or its intensity of heat is

greater, but it does not contain so much

heat.

1-23. TEMPERATURE SCALES

The methods and scales used tc

measure temperatures have been arbit-

rarily chosen by scientists, and the

following standards have been estab-

lished. The common British and Ameri-

can scales are the Fahrenheit scale

18
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and the Fahrenheit absolute scale, while

the metric system embodies the Cent-

igrade and Centigrade absolute scales.

The Fahrenheit scale is the one most
used in the refrigeration, industry.

The Fahrenheit scale i& so fixed that

Lt divides the temperature difference

from the melting temperature of ice to

ihe boiling temperature of water into

180 equal divisions and sets the melting

of ice at 32 divisions above the zero on

:he scale. Therefore, ice melts at 32 F.

and water boils at 212 F. (180F.+32F.)
issuming standard atmospheric pres-

sures.

The Centigrade scale has coarser
livisions than the Fahrenheit scale and

he zero (0) of this scale is set at the

netting temperature of ice. The boiling

>oint of water is fixed 100 divisions

ibove that point or at 100 C. assuming
standard atmospheric pressure.

1-24. ABSOLUTE TEMPERATURE
SCALES

The Fahrenheit absolute (F » ) scale

is a scale using the same divisions as

the Fahrenheit scale but setting the zero

'of the scale at the temperature where
molecular action of all substances

ceases; i. e., where no more heat exists

in the body and the temperature cannot

be lowered any farther. This tempera-
:ure corresponds to -460 F., therefore

water boils at 672 FA assuming (212 +

i60 = 672) standard atmospheric pres-
sure. Because the Centigrade degree is

coarser absolute zero is 273 degrees
below the standard zero setting, there-

fore, water freezes at 273 CA and
ooils at 373 CA .

The student may wonder why the

melting temperature of ice and the

soiling temperature of water were taken
is standards. This is because water has
i very constant freezing and boiling

DOint temperature, Figure 1-5, and
vater is a very common substance.

1-25. TEMPERATURE CONVERSION

It is sometimes necessary to con-

vert a temperature registered in Fahr-
enheit degrees to Centigrade degrees,

or conversely. For this purpose for-

mulas have been developed, based upon
the fact that Fahrenheit zero is located

at 32 below the Centigrade zero and the

distance between the freezing-point of

water and the boiling-point of water is

180 on the Fahrenheit scale and 100 on

the Centigrade scale. To convert Centi-

grade degrees into Fahrenheit degrees:

F =180/100 =9/5 C + 32

To convert Fahrenheit degrees into

Centrigrade degrees:

C =100/180= 5/9 (F -32)

To convert Fahrenheit degrees to Fahr-
enheit absolute:

FA = F +460
To convert Centigrade degrees into

Centigrade absolute:

CA = C +273

Example:
Convert 50 F. into Centigrade.

C. = 5/9 (F-32)
C.= 5/9 (50 -32)

C. = 5/9 x 18

C. - 5 x 18 - 90 -10 C
9 9

Convert 7 5 C. into Fahrenheit.

F.= 9/5 C.+ 32

F.= 9/5 x 75 +32
F. = 9 x 75 + 32

5

F. =9 x 15 + 32

F. = 135 +32
F. =167

Convert -- 5 F. into C.

C. = 5/9 (F. -32)

C.= 5/9 (- 5 - 32)

C. = 5/9 (-37)
C. = 5 x -37 - -185 - -20 5/9 -

9 9

-20 5/9 C.
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1-26. CHARLES' LAW

Gases behave consistently with tem-

perature changes. This is stated in

Charles' Law. "At a constant pressure

the volume of a gas varies directly as

the absolute temperature; and at a con-

stant volume, the pressure varies dir-

ectly as the absolute temperature."

Absolute pressures must always be

used in the equations. In the equation

form:

At constant volume
The Old Pressure x the New Absolute

Temperature = The New Pressure x

the Old Absolute Temperature
PoxTnrPnxT
Tr Absolute Temperature

At constant pressure
The Old Volume x the New Absolute

Temperature = The New Volume x

the Old Absolute Temperature
Vo x Tn = Vn x To

Example: What is the pressure of a
quantity of confined gas when raised to

60 F. if its original pressure was 10

pounds per square inch abs. and tem-
perature 40 F., Constant Volume?

Answer:
10x(60+ 460)= X x (40+ 460)
10 pounds - 500

X 520

500 X= 5200

X-10.4 pounds per square inch

abs.

Example: A 5 cubic feet volume of

gas at 37 F is raised to 90 F at constant
pressure. What is the new volume?

Answer:
5 x (90 +460)= X x (460 +37)
5 _497
X"550
X- 5 x 550 -5.54 cubic feet

497

1-27. GAS LAW

and the formula is as follows:

Po x Vo _ Pn x Vn
To Tn

Po, Vo, and To represent original con-
ditions.

Pn, Vn, and Tn represent new con-
ditions.

Absolute values for temperatures and
pressure must be used in this equation.

A more concrete equation is: PV=WRT
Where P = Pressure in Pounds Per

Square Foot abs.

V = Volume in Cubic Feet

R = Gas Constant

W = Weight of the Gas in Pounds
T = Absolute Temperature F.

This equation is useful for many
pressure-volume problems and its use
is easily followed.

Specific Heat
CP CV R

Air 24 .17 53-34
Ammonia 51 .35 123.24
Sulphur dioxide .154 .123 24-14
Carbon dioxide. .22 .17 38.82
Ether 48 .45 23.11
Oxygen 22 .16 48.55
Alcohol 45 .40 41.55'

Water vapor 480 .37 83.23'

1-6. A table of gas values.

R = Gas constant and it must be

known for the gas under consideration.

Figure 1-6 lists the value of R fo*

several common gases.

1-28. BRITISH THERMAL UNIT

British thermal units (Btu): Tem-
perature is measured in degrees by the

use of a thermometer. Heat is measur-

ed in Btu's. A Btu is defined as the

amount of heat required to raise the

temperature of 1 pound of water,

degree Fahrenheit, Figure 1-7.

1-29. ENERGY CONVERSION UNITS

Boyle's Law and Charles' Law may
be combined to solve true gas problems

In refrigeration work we deal witl

three common forms, mechanical
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electrical, and heat energy.

The study of refrigeration deals

mainly with heat energy, but it must be
anderstood that the heat energy is

lsually produced by utilizing a com-
bination of electrical and mechanical

energy. There is a relation that exists

between these three forms of energy.

In an electric refrigerating unit, elec-

:rical energy flows into an electric

ONE POUND
OF WATER

BEFORE AFTER

1-7. A simple experiment to demonstrate the addition

of one British Thermal unit of heat. One pound of water

is heated I
° Fahrenheit.

motor and this electric energy is

:urned into mechanical energy. This

mechanical energy is used to turn a

compressor, and the compressor in

urn changes the mechanical energy into

leat energy as it compresses the gas to

1 high temperature (adds heat). This

relationship may be expressed as fol-

ows:

778 foot-pounds -l British Thermal
Unit (Btu)

1 H. P. = 2545.6 Btu/hr.

1 H. P. =746 Watts
1 Btu/hr. = .000393 H.P.
1 Btu/hr. =-.293 Watts
1 watt = .00134 H.P.
1 watt = 3.41 Btu/hr.

1-30. SENSIBLE HEAT

If a substance is heated (heat added)

ind the temperature rises as the heat

s added, the increase in heat is called

sensible heat. Likewise heat may be

removed from a substance (heat sub-

tracted) and if the temperature falls the

heat removed is again sensible heat.

Therefore, we call that heat which

causes a change in temperature in a

substance sensible heat.

1-31. SPECIFIC HEAT

The sensible heat required to cause

a temperature change in substances

varies with the kind of substance and

the amount of the substance. The speci-

fic heat of water is 1.0. Different sub-

stances require different amounts of

heat per unit quantity to effect these

changes of temperature. This property

is called the specific heat of the sub-

stance and is the amount of heat re-

quired to raise 1 pound of the substance

1 F. This value is good for computa-

tions which involve no changes of state

because if this should occur, the speci-

fic heat of the substance changes also.

To determine the amount of heat neees-

Material

Specific Heat
(B.T.U./lb.)

Wood .327

Water 1

.

Ice .504

Iron .129

Mercury . 0333
Alcohol .615

Copper .095

Sulphur .177

Glass .187

Graphite .200

Brick .200

Glycerine . 576

Liquid ammonia at 40 F ...

.

1.1

Carbon dioxide at 40 F .6

Methyl chloride ... 40 F .38

Sulphur dioxide at 40 F . . . .35

1-8. Some specific heat values.

sary to cause a change of temperature

in a substance multiply the weight of

the substance by the specific heat and

by the temperature change provided

there is no change of state. Figure 1-8.
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Specific heat problems are easily

solved by the use of the following

formula:

Heat r British Thermal Units r sp. ht. x

wt. x temp, change in degrees F.

Btu z: sp. ht. x wt. x temp, change

Btu = sp. ht. x wt. x (tj - t 2 )

Btu - British Thermal units

sp. ht.- Specific heat

*1 - higher temperature

t£ slower temperature
Example: How much heat is needed

to raise the temperature of 100 pounds
of iron from 70 F. to 270 F.?

Btu =.129 x 100 x (270 - 70)

Btu =..129 x 100 x 200
Btu= .129 x 20,000

Btur 2,580.1

*I6C
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mains constant; nevertheless it absorbs

a considerable amount of heat changing

from ice to water. When a substance

passes from a liquid to a gas as in a

mechanical refrigerator, its heat ab-

sorption is very highyand advantage is

taken of this fact in the^ope ration of the

refrigerator.

The temperature at which a sub-

stance changes its state depends on the

pressure. The higher the pressure the

1-34. REVIEW PROBLEMS ON HEAT

1.

2.

3.

4.

5.

6.

Convert 78 F. to C. Ans. 25.6 C.
Convert 20 C. to F. 68 F.
Convert 5 F. to C. 15C.
Convert 432 F. to C. 222C.

Convert 14 F A toC, IOCA.
What is the equivalent of 20
kilowatts in

(a.) British Thermal units?
68.297.59 Btu/hr

Latent Heat of Water and Common Refrigerants in B.T.U./lb,

Freezing Condensing or
Material or Melting Vaporizing

Water 144. 970.4 (at 212 F.)

Ammonia 565.0 (at 5 F.)
Sulphur dioxide 169 .38 (at 5 F

.

)

Methyl chloride 178 .5 (at 5 F
.

)

Freon (F-12) 69.5 (at 5 F.)
Freon 22 93.6 (at 5 F.)
Carrene (methylene chloride) 162.0 (at 5 F.)

I -10. Some latent heat values.

higher temperature needed to make the

change of state take place. Also if the

pressure can be lowered, the tem-
perature at which the change of state

will take place will also be lowered.

For example water will turn to steam
at 212 F. at 14.7 psia, at 300 F. at

67 psia, 400 F. at 247 psia, 100 F.

at .95 psia, 70 F. at .36 psia, 40 F. at

.12 psia.

If a low pressure is produced over
a liquid it will boil at a lower tem-
perature and if a gas resulting from
this boiling is compressed it will con-

dense to a liquid at a higher tem-
perature.

Every substance has a different

latent heat value to bring about a

change of state for both liquid-solid

and liquid-gaseous states. Latent heats

for water and the more common re-

frigerants are shown in Figure 1-10.

(b.) Food-pounds?
884,730 foot p/min

7. What is the new volume of 50

cubic feet of gas if the pressure

changes from 35 pounds per

square inch gauge to 85 pounds

per square inch gauge? 24 cu. ft.

8. How many British Thermal units

must be extracted to cool 10

pounds of iron from 70 F. to 10

F.? 77.4 Btu

9. How many British Thermal units

must be removed from a cooling

unit to cool it from85F.tol5 F.,

if it contains 10 pounds of copper
and 20 pounds of glycerine?
872.9 Btu

10. Calculate the number of British

Thermal units required to con-
vert 1 pound of ice at F. to

steam at 212 F. Ans. 1310.52 Btu
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1-35. REFRIGERATION EFFECT OF
ICE

Ice has played an important part in

the refrigeration industry. A few im-
portant facts concerning it follow:

As stated before, ice changes to

water at 32 F. at atmospheric pressure,

and the water changes to steam at

212 F.

The heat absorption ability of ice

when changing from a temperature

below 32 F. to 32 F. is .504 British

Thermal units per pound per degree

change in temperature. Changing ice to

water at 32 F. the heat absorption is

144 British Thermal units for 1 pound

of ice changing to 1 pound of water.

That is,

The specific heat of ice = .504 Btu per
pound

The latent heat of fusion of ice - 144

Btu per pound
The specific heat of water = 1 Btu

per pound
The latent heat of vaporization of

waters 970.4 Btu per pound
Example: How many Btu will 2 5

pounds of ice at 5 F. absorb in changing
to liquid at 40 F.?

From ice at 5 F. to ice at 32 F.

.504 x 25 x (32 - 5)

.504 x 25x27 = 340.2 British Thermal
units

From ice to water at 32 F.

144 x 25 =3600 British Thermal units

From water at 32 F. to water at 40 F.

1 x 25 x (40 - 32)

1 x 25 x 8 =200 British Thermal units

340.2

3600

200

Total 4140.2 British Thermal units

1-36. THE "TON" OF
REFRIGERATION EFFECT

This refrigeration unit is the re-

frigeration effect obtained from melting

1 ton (2000 lbs) of ice over a period of

24 hrs. This engineering standard for

refrigeration effect applies to all re-

frigerating machines. That is, all the

refrigeration mechanisms are com-
pared to the standard 288,000 British

Thermal units per twenty-four hours.

(144 x 2000 = 288,000)

1-37. ICE AND SALT MIXTURES

Refrigerating by ice will not give

continuous refrigeration temperatures
below 40 F; therefore to obtain lower
temperatures required in some in-

stances, ice and salt mixtures are used.

These mixtures, ice and salt (NaCl) and
ice and calcium chloride (caCl) lower

*?40C
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1-38. EFFECT OF PRESSURE ON
EVAPORATING
TEMPERATURES

The boiling temperature for any

liquid depends upon the^pressure under

which the liquid is placed, Water nor-

mally boils at 212 F., but if the pres-

sure on the surface of the water is

increased to 100 pounds per square

inch gauge, the boiling-point will be

raised to 338 F. If instead of increasing

the pressure it is decreased to an

absolute pressure of 3 pounds per

square inch, the water will boil at

142 F. Figure 1-11.

It is the effect of reduced pressure
on the boiling temperature of certain

liquids that makes the operation of the

domestic refrigerator possible. As an
Illustration of this, sulphur dioxide

boils at 14 F. under atmospheric pres-
sure while at 8 inches of vacuum the

boiling temperature is 5 F. See Figure
8-17 for a graph of the temperature
characteristics of sulphur dioxide.

1-39. HEAT TRANSFER

The movement of heat may be by any
one of three methods, or by a com-
bination of any two or of all three of

hese methods. These heat transfer

•nethods are named conduction, con-
nection, and radiation.

-40. CONDUCTION

Conduction is the flow of heat from
me part of a substance to another part

)f the same substance, or from one
mbstance to another substance in direct

:ontact with it. A piece of iron with one
;nd placed in a fire will soon become
varm from end to end. This is an
example of the transfer of heat bycon-
luction. The heat travels through the

ron using the iron as the conduction
nedium. The substances which have a

very small conduction value are called

insulators.

1-41. CONVECTION

Convection is the conveying of heat

from one point to another by the move-
ment of some easily circulated medium
such as air. A common example of this

is the movement of heat-laden air

from a furnace into the rooms of a

house where it releases its heat and

then returns through the cold air duct

to receive another supply of heat from
the furnace.

1-42. RADIATION

Radiation is the transfer of heat by

heat rays. Examples of this are the heat

from the sun and the heat felt near a

flame. It should be understood that heat

rays do not heat the air through which

they pass. They heat only the surfaces

which they strike.

1-43. CONTROL OF HEAT FLOW

The flow of heat by each of these

methods can be controlled. That is, the

transfer of heat by each of these

methods can be aided or impeded
according to the particular need. Con-

duction may be aided by providing

large conducting surfaces and good con-

ducting materials. Cork, wood, mineral

wool, and many other similar materials

are poor conductors of heat. Poor con-

ductors of heat are often referred to as

heat insulators.

Convection may be aided by speeding

the flow of the conveying medium; for

example, forced-air circulation heating

systems. Conversely, it can be impeded

by retarding the flow of circulation.

Radiation, or rather the transfer of

heat by radiation, may be aided by

making the radiating surfaces of a

material or of a color known to be a
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HEAT

1-12. The cooling effect of different pressures operating on the surface of a liquid.

good radiator of heat and, by making

the receiving surfaces of a material

or color known to be a good absorber

(or poor reflector) of radiated heat.

Conversely, it may be impeded by

reversing this application. Dark mater-
ials or colors absorb and radiate

readily. Light-colored or shiny mater-
ials have the opposite properties.

1-44. THE ELEMENTARY
REFRIGERATOR

A detailed study of the behavior of a

liquid in a container is necessary to

understand the operation of a refriger-

ating unit.

In Figure 1-12, part A shows a

refrigerant in a container with the

valve closed.

All conditions are balanced. The
pressure, the temperature (inside and
out), and the number of molecules
leaving the gaseous state diving into the

liquid and the liquid molecules flying

out of the liquid into the gaseous state.

In part B, the valve has been opened
and some of the gas molecules escape.

The results are twofold. The number of

gas molecules entering the liquid are

now decreased and because the number
leaving the liquid is the same as before,

the molecular speed of the liquid mole-
cules slows up as they find it easier to

1-13. An elementary refrigerator using ammonia (not

practicable). A. The refrigerator box; B. The ammonia

tank in which the ammonia is stored under a high pres-

sure; C. The cooling unit where the ammonia is changed

from a liquid to a gas at atmospheric pressure and

absorbs a considerable amount of heat.
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70 F HEAT
B FLOW

70 F
C

1-14. The theoretical explanation of vapor pressure in a sealed container. A. Valve closed; B. Valve open;

C. Valve closed.

:hange to a gas. Slower movement
neans a lower temperature and the

iquid temperature lowers below 70 F.

Hie temperature decrease causes heat

o flow from the container and the

surroundings to the liquid.

As long as the valve is open and gas

nolecules can escape the temperature

vill be lower because more liquid

nolecules are becoming gas molecules

han gas molecules are returning into

he liquid, Part C. This gas bombard-
nent is called vapor pressure. If this

'apor pressure can be reduced the

emperature of the liquid canbereduc-
d.

If the gas molecules can be re-

moved fast enough by any means such

is a compressor, a chemical to absorb

he molecules, etc., a vapor pressure

ow enough is produced to create re-

rigerant boiling temperatures that are

it the refrigerating level.

The operation of the electric re-

frigerator is based on the heat absorp-
tion property of a fluid passing from
he liquid to the gaseous state. That is,

f one were to put a container of fluid

that had a low boiling temperature into

an ice-box and vent the gas to the out-

side, we would have a heat absorber in

the box, Figure 1-13. The liquid can

boil only at its evaporation tempera-

ture, say 20 F., and this liquid will be

at this temperature until it has com-
pletely evaporated. If one tried to raise

its temperature by adding heat, the only

result would be a more rapid evapora-

tion of the liquid into a gas, provided

the pressure remained constant. Being

at this low temperature there is, of

course, a transfer of heat to it from the

surrounding objects. This heat helps the

evaporating and the heat carried away
in the vapor passing off. Thus, the

fluid changing its state to gas gets the

energy (or heat) for doing this from the

objects surrounding it and that heat is

removed with the vapor to the outside

of the box.

Figure 1-14 illustrates maintaining

a balance between liquid and vapor with

changing pressure. (A) shows a state

of equilibrium between the liquid and

the vapor. In (B) the valve has been

opened and the pressure partially re-
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leased. Vapor escapes and attempting

to maintain the vapor pressure more

liquid vaporizes and the temperature

drops. In (C) the valve is closed and

a state of balance will not be reached

until the temperature returns to nor-

mal.

This type of refrigerator works very

nicely, but it is a very expensive

method because the refrigerant fluid is

lost. However, in the mechanical re-

frigerator this escaping vapor is cap-

tured, compressed, and cooled to a

liquid state again so that it can be used

over and over, Figure 1-15.

The above gas needs to be com-
pressed again before it will return to the

liquid form. In order to recondense the

vaporized refrigerant, the vapor must

be compressed to a pressure, corres-

ponding to a boiling-point that is higher

than the maximum room temperature in

which the refrigerator is to operate in

order that the latent heat of vaporiza-

tion may be radiated to the room. The
temperature at which a refrigerator

cooling unit is kept depends upon the

pressure at which the refrigerant is

evaporated, while the amount of heat

removed depends only upon the amount

of refrigerant changed into a gas.

1-45. DRY ICE

Solid carbon dioxide is often used
for refrigeration. It is a white crystal-

line
1

substance formed by allowing liq-

uid carbon dioxide to escape into a snow
chamber. The heat for vaporizing the

liquid is drawn from the interior of the

chamber so that a very low tempera-
ture,— 109 F. is formed, with the result

that quantities of the carbon dioxide

solidify. This solid is pressed into

various shapes and sizes and sold for

refrigeration purposes under such
names as dry ice, zero ice, etc. It

remains at a temperature of — 109 F.

and sublimes, that is, it goes directly

from the solid to the vapor state with-

out becoming a liquid. It has some very
desirable characteristics inthatitdoes

not wet the surfaces that it touches, and
the gas given off is a preservative. The
very low temperature maintained per-
mits handling frozen goods without an
expensive insulated container. It is used
a great deal by ice cream vendors and
the like.

The latent heat of sublimation is

248 Btu per pound.

The heat absorbed by the vapor in

passing from — 109 F. to 32 F. is

approximately 27 Btu per pound. This

1-15. An elementary mechanical refrigerator. A. The

refrigerator box; B. The storage tank for the liquid

ammonia; C. The cooling unit where the ammonia vapor,

izes and absorbs considerable heat; D. The compresso'

which takes the vaporized ammonia from the cooling

unit and compresses it to a high pressure and re-

leases it to the condenser; E. The condenser where the

compressed ammonia is cooled and the latent hea.

removed allowing it to condense and pass to the stor-

age tank as a liquid.

added to the latent heat of sublimation

makes a total heat-absorbing capacity

of 27 5 Btu per pound. This is a greater

heat-absorbing value than for water ice.

Dry ice is generally more expensive

per pound than water ice.

1-46. CRITICAL TEMPERATURE

The critical temperature of a sub-

stance is the maximum temperature at
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which the substance may be liquefied,

regardless of the pressure applied upon

,4t. Refer to the table, Figure 8-1, for

,the list of critical temperatures for

; refrigerants. The condensing tempera-
ture for all refrigerants muSt be kept

, below the critical temperature for the

refrigerant used; otherwise the re-

frigerator would not operate. Carbon
dioxide has the critical temperature of

87.8 F. This refrigerant cannot be used

in air-cooled condensers because the

condensing temperature would be above

ithis temperature.

It is well to keep in mind during the

ensuing chapters that the average cor-

rect refrigerating temperature for

domestic refrigerators is between 3 5 F.

and 45 F. and to make ice, a tempera-

ture lower than 32 F. is needed.

1-47. AMBIENT TEMPERATURE

The term ambient temperature is

used to denote the temperature of the

air surrounding a motor, a control

mechanism, or other device. As an

example a motor may be guaranteed

to deliver its full horse power under

operating conditions when the ambient

temperature does not exceed 40 C. This

means that the temperature of the air

surrounding the motor must not exceed

40 C. if the motor is to maintain its

operating efficiency.

1-48. REVIEW PROBLEMS AND
QUESTIONS

The answers to these problems and

questions will be found in Paragraph

1-49, page 721.

1. What is the absolute pressure

equivalent in pounds per square

inch of 8 inches of mercury
vacuum?

2. What is the gas space in the

cylinder of a compressor if it has

a 2-inch bore and a 3-inch

stroke?

3. If 100 cubic inches of a gas at 15

pounds per square inch gauge

were compressed to 20 cubic

inches, what is the gauge pres-

sure if the temperature remains

constant?

4. If 100 cubic inches of gas under

constant pressure were changed

from 40 F. to 290 F., what is the

new volume?
5. How many Btu's will be required

to change 5 pounds of ice at 32

F. into water at 82 F.?

6. How many pounds of sulphur

dioxide must be evaporated 5 F.

to change 50 pounds of water

from 72 F. to ice at 5 F. if the

container for the water is made

of copper and weighs 3 pounds?

7. If 2 cubic feet of gas at90F. and

under a pressure of 15 pounds

per square inch gauge is chang-

ed to 4 cubic feet at 40 F., what

is the new gauge pressure?

8. What is the pressure difference

between 6 inches of mercury

vacuum and 8 pounds per square

inch gauge?

9. If a 15-pound weight is placed on

an area 2 by 3 inches, what is the

pressure in pounds per square

inch absolute?

10. If the head pressure is 85 pounds

per square inch gauge, what is the

total force on one face of a cir-

cular disk 5 inches in diameter?

11. What is the average temperature

desired in a domestic cabinet?

12. What determines the tempera-

ture at which a refrigerant will

vaporize?

13. Express standard atmospheric

pressure in pounds per square

foot.

14. Should refrigerants be operated

at temperatures above or below

their critical temperature?
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15. What is dry ice?

16. Should dry ice ever be put in a

sealed container? Why?
17. What is the relative heat absorb-

ing value of 1 pound of dry ice

as compared to 1 pound of water
ice?

18. Does color affect the amount of

heat absorbed by a surface by
radiation? How?

19. Name a condition which illus-

trates the principle of convection.

20. Which material conducts heat

the fastest, glass or copper?

1-49. ENTHALPY

Enthalpy is the total amount of heat

in one pound of a substance calculated

from an accepted temperature base.

The temperature of 32°F is the accepted
base for water and water vapor calcu-

lations. For refrigerator calculations,

the accepted base is -40°F.
Example #1 -- refer to Fig. 1-9,

page 22

What is the enthalpy of water at

point B ?

Answer: O Btu because it is at32°F.

Example #2

What is the enthalpy of water at

Point C ?

Answer: 180 Btu, which is the dif-

ference between the Btu at point

B which is 180 and point C which
is 360 Btu.

1-50. ENTROPY

Entropy is the heat available meas-
ured in Btu per pound degree change
for a substance.

Entropy calculations are made from
generally accepted temperature bases.

For heating and steam power using

water as the medium, the accepted base
is 32°F. For domestic and most com-
mercial refrigeration calculations the

base is -40°F. For research and very
low temperature work, abase of a lower
temperature may be selected.

Entropy is used only in engineering

calculations, and entropy tables have
been worked out and are contained in

most engineering handbooks.

1-51. CRYOGENICS

The term cryogenics as used in re-

frigeration work, refers to very (ultra)

low temperature conditions.

It may refer to mechanism for pro-

ducing temperatures approaching abso-
lute 0. It may refer to storage devices

for liquefied gases, also to insulation

for very low temperature containers or

cabinets.
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Chapter 2

REFRIGERATION MATERIALS

SERVICE TOOLS

The refrigeration serviceman's job

consists mainly of performing rather

basic mechanical operations using com-
mon materials and tools. However, the

success of the serviceman will depend
greatly upon his knowledge of the per-
fection and qualities of the materials

used and his skill in performing tool

operations accurately.

The content of this chapter is plan-

ned to give the necessary knowledge
concerning both materials and the cor-
rect way to perform refrigeration ser-
vice tool operations.

2-1. TUBING

The tubing used in all domestic re-

frigeration work, with the exception of

some absorption machines, is specially

annealed copper tubing. The purpose of

the annealing is to make the copper
flexible and to adapt the tubing for flar-

ng and bending. The tubing is also

'dehydrated" to free it of moisture.
This drying is done by the manufactur-
sr; the tubing is then sealed at the ends

}y pinching and soldering. The tubing is

ilso deoxidized, that is, the copper is

arevented from oxidizing as it is being
made.

The tubing may be obtained in sizes

"rom 3/16 in. to 3/4 in. in outside

liameter and in 50 and 100 foot lengths

ilthough some companies furnish it in

is low as 2 5 foot lengths. When order-

ing tubing, be sure that dehydrated,

annealed and seamless tubing is spe-

cified.

The standard wall thickness for soft

copper tubing is .035 inches although

some of the smaller sizes are also

Deoxidized and Dehydrated
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bending of the tubing may cause it to

suddenly buckle or flatten. Work hard-

ened tubing may be softened by heating

it to a blue surface color and allowing

it to cool. This heat treatment is called

annealing.

HARD COPPER TUBE SPECIFICATIONS, TYPE-L
(for interior service only)

ninal Size
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REFRIGERATION FITTINGS (FLARED TYPE)

Sizes are based on the Outside Diameter of Tubing

Name and Description ' 1/4" 5/16" 3/8" 7/16" 1/2"

Nt Forged .-*.-,* X X X X X
lion (Threads same size).... X X X X X
KLf Union (1/8" Pipe) X X
Ef Union (l/4" Pipe) X X X X
WL£ Union (3/8" Pipe) X
Jlf Union (1/2" Pipe)
ibow X X X X X
Ibow (One 1/8" Pipe) X X
Bbow (One 1/4" Pipe) X XXX
£bow (One 3/8" Pipe) X
^bow (One 1/2" Pipe)

fle (Threads same size) X X X X X
7e (One 1/8" Pipe) X X
le (One l/4" Pipe) X X
le (One 3/8" Pipe) X
:e (One 1/2" Pipe)
(oss X X X X X
I.ared Tube Sealing Plug X X X X X
tared Tube Sealing Cap X X X X
I.ared Tube Copper Seal Cap... X X X X X

lion (Reducing) 5/16-1/4 3/8-1/4 1/2-1/4 1/2-3/8
Ibow (Reducing) 5/16-1/4 3/8-1/4 1/2-1/4 1/2-3/8 5/8-1/2
le (Reducing) 5/16-1/4 3/8-1/4 1/2-1/4 1/2-3/8 5/8-1/2

2-4. Popular refrigeration fittings using standard pipe and National Fine (NF) threads.

5/8"

X
X

:allizing the copper which makes it

beak. Some tubing fittings have pipe

reads on one end. Pipe threads taper
'16 in. to one inch.

:3. CUTTING TUBING

To cut the tubing a hack saw or a
Ibe cutter may be used. The tube cut-

1r is used for the annealed copper tub-
ig while the hack saw is used for the

Urd copper tubings, Figure 2-6. After
le tubing has been cut, its ends must
I scraped or reamed with a pointed
1ol to remove any sharp burrs in the
ud of the tubing. Some tube cutters
live such a tool built into them. If a
• iw is to be used, a wave set blade of

I teeth per inch is preferable. It is

iportant that no filings or chips of any
lnd be allowed to enter the tubing. In

am

i
wM.

vj/zwM

m
B

2-5. The two standard methods of joining tubing to

fittings. A. Threaded and flanged; B. Soldered.
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cutting tubing with a hack saw, hold the

tubing in such a manner that chips will

not fall into the section that is to be

immediately used, Figure 2-7.

If soft tubing is used, pinching the

tube eliminates the danger of chips en-

tering the tubing that is not to be im-

mediately used. It also seals the tubing

against moisture and protects it for

further use. If hard copper tubing is

2-6. A tube cutter. The cutter is removing a defective

flare.

(Imperial Brass Mfg. Co.)

being used, the tubing ends should be

capped or plugged.

To provide a full wall thickness at

the end of the tubing, many service men
file the end of the tubing with a smooth
or medium cut mill file. Figure 2-8. The
tubing should then be straightened to

eliminate an off-center flare.

The construction of the flare is also

of importance. It is necessary to use

the proper tools. These tools must be

in good condition to get leak proof

flares. Figure 2-9 shows a tool that

forms the flare by a spinning action

while Figure 2-10 shows a 45 degree

flare block.

To produce a flare of the correct

size in the recessed tools the tubing

2-7. A sawing fixture used to insure square true ends

when sawing tubing.

(Imperial Brass Mfg. Co.)

5SSS3

SS3

:w^)

SS3
B

2-8. How to remove a tube cutter burr from tubing.,

A. After cutting the tubing with a tube cutter. B. After

the tubing was filed with a smooth cut mill file. Note

the thinned metal burr after cutting. Note the full wall

thickness after filing. A small burr must still be reamed

away.

must be inserted into the flaring tool

so it extends above the surface of the

tool one-third of that distance, which

is equal to the depth of the flare. Figure

2-11. The spinner may then be tighten-

ed down on the tubing end. The tubing

should be worked gradually into a flare,

that is, an oscillating motion should be

used. First put a drop or two of

REFRIGERANT OIL on the spinner

where it contacts the tubing; then tighten

the spinner one-half or three-quarters

of a turn and back it approximately
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one-quarter of a turn. Advance it

another three-quarters of a turn and

again back it one-quarter of a turn.

In this way a tubing flare of accurate

contour is made with no danger of the

tubing cracking. .-*».#/*

<^,.
y

I - * Ci

2-9. A tube flaring tool. The tubing is spun into the

correct size flare by the burnished coves on the 90°

cone.

(Imperial Brass Mfg. Co.)

If the serviceman prefers, he may,
when making the flare, spin the flare

not quite to its full contour but only

shape it to about seven-eighths of its

full position so that when the tubing is

tightened into its fitting the flare will

assume the shape of the fitting. Under
no circumstances tighten up the spin-

ning tool too much because this will

thin the wall of the tubing at the flare

and weaken it considerably. See Figure
2-12.

It is needless to say that when mak-
ing a flare, the first step is to put the

nut on the tube before the flare is

made because it cannot be installed on

the tubing after the tube has been
flared.

2-4. SINGLE THICKNESS FLARE

The punch and block method of a sin-

gle flare tubing has long been used in

refrigeration work. This flare is called

the single flare and is by far the most

^& <-<$

2-10. A split flare block flaring tool. Note the 45
c

chamfer in the anvil.

(Duro Metal Products Co.)

2-11. Recommended allowances for forming a flare

using the usual "die block" type of tool.

popular, but certain companies specify

what they call a double flare which
means that the part of the tubing which
forms the flare is folded to form a

double thickness.

2-5. DOUBLE THICKNESS FLARE

The double thickness flare is re-

commended for only large size tubing

(5/16 inch and over) and cannot be made
very well on the smaller tubing. How-
ever, it does make a stronger joint and,

if possible, is to be used on joints that

need to be extra strong. This flare is

made using a double flaring tool; that

is, one tool works the tubing into a

bulletlike nose, and the other tool bends

the tubing in and into the flare, making
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2-12. How to make practice flares and test them. A. '/4
" flares; B. '/4

" flares; C. 'A" flares; D. '/2
" flares;

E. The assembled flares ready for pressure testing.

the flare of double thickness, Figure

2-13.

2-6. ANNEALING TUBING

If a flare splits when being made, it

may be due to the age of the tubing. Old

tubing becomes brittle after a certain

period of use and cannot be flared sat-

isfactorily. A remedy is to anneal the

tubing by heating to a dull cherry red

or blue color and allowing it to cool in

air or water. Pounding, rough handling,

or bending the tubing tends to harden it.

2-7. BENDING TUBING

It takes considerable practice to be-

come competent in bending tubing. For

the smaller size tubing such as is used

in domestic models, it is not necessary

to use special tools to do the bending.

However, a much neater job and a much
more satisfactory one is obtainable by

using special tools. As mentioned be-

fore, the tubing should be so bent that

it does not apply any strain on the fit-

tings after it is installed. Another im-

portant thing is that the tubing at the

2-13. The punch method o/ forming

the double shouldered f\are.

(Copeland Sales Co.)

r/RST OPERATION SECOND OPERA TION
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bend should not be reduced in cross

-

sectional area, that is, be very careful

when bending the tubing to maintain the

roundness of the tubing and not allow it

to flatten out or buckle. It is always

wise to bend the tubing into as large a

are a round block or a short-section of

large piping for hand bending; to obtain

very accurate work, bending tools may
be purchased from manufacturers. Fig-

ure 2-15 shows a convenient tool used

for bending tubing. An inexpensive coil

spring bending tool which is easily

carried in a kit and insures against tube

buckling is illustrated in Figure 2-16.

These are available in all sizes and

are made for both external and internal

use. The internal spring isforusenear
the ends of the tubing or flared tubing,

while the external is best used in the

middle of long lengths of tubing. A 1/4

2-14. The minimum safe bending radius for tubing.

radius as possible because that reduces

the amount of flattening of the tubing to

a minimum, and it is also easierto bend

it that way. The minimum radius in

which tubing may be bent is between five

and ten times the diameter of the tub-

ing. Figure 2-14. Tube bending should

be done quite slowly and carefully. Do
not try to make the complete bend in

one operation, but bend the tubing grad-

ually so that it may not be ruptured by

too sudden a stress.

Some special tools which have been

used to facilitate the bending operations

2-15. A tube bending tool which prevents buckling of

the tube while it is being bent.

(Imperial Brass Mfg. Co.)

2-16. A coil spring bending tool. It is generally placed

on the outside of the tubing.

(Imperial Brass Mfg. Co.)

inch O.D. tube bending spring may be

used as an internal spring for 1/2 inch

O.D. tubing.

When tubing is bent with a bending

spring, it tends to bind on the tubing. It

can be easily removed by twisting the

spring to cause the external spring to

expand or to cause the internal spring

to contract. If a bend is to be made
near a flare and an external spring is

to be used, bend the tubing first. An
internal spring can be used either be-

fore or after the flaring operation.

Figure 2-17 shows some practice bends

on 1/4 inch and 1/2 inch copper tubing.

2-8. SOFT SOLDERING

Soldering is becoming more and

more a regular service operation.

Soldering may be classed as an art, for

it is only after very diligent study and
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2-17, Practice bends on tubing. A. A 90° bend on l/
4
" tubing; B. A 360° bend on l

/4
" tubing; C. A 90 c

bend on V2" tubing and D. A 180° bend on 1/2" tubing.

application of soldering theory that real

soldering results may be obtained.

Soldering is applying a molten metal

to hot metals that are not molten. It is

an adhesion process. The solder flows

into the pores of the metals being join-

/

2-18. A portable torch for refrigeration use. It can be
used for soldering, light brazing, leak detecting, etc.

(Linde Air Products Co.)

ed, and as the solder solidifies, a good

bond is obtained.

Brass parts, copper tubing, fittings,

and containers, such as the cooling unit

of the refrigerator, are very easily

soldered and this facilitates the work of

the service man.

Fundamentally, in order to solder,

(1) the surfaces to be soldered must be

very clean; (2) a good clean flux must
be used; (3) and a source of heat of

sufficient quantity must be on hand. It

must be understood that a non-cor-
rosive flux will not clean a metal. This
flux can only keep a metal clean once it

has been cleaned by filing, scraping,

using steel wool, wire brushes, etc.

The parts must have all the grease, dirt

and oxides removed from the surfaces

/SO PJ/G AIR
Ofl

F-IZ CONNECTION

^COUPLING

j COUPLING 4 X± ADAPTER

2-19. A tubing assembly for determining quality of

soft soldering and silver brazing.

being soldered. The good soldered joint

is the lap type joint.

A 50 per cent tin and 50 percent lead

solder is usually satisfactory for soft

soldering, except on cooling coils and
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Cut tube to length and
remove burr with file or
scraper.

Clean outside of tube with
sandpaper or sandcloth.

Clean inside of fitting

with wire brush, sand-
cloth or sandpaper.

Apply flux thoroughly to

inside of fitting.

Apply flux thoroughly to

outside of tube—assem-
ble tube and fitting.

Apply heat with torch.

When solder melts upon
contact with heated fit-

ting, the proper tempera-
ture for soldering has

been reached. Remove
flame and feed solder to

the joint at one or two
points until a ring of

solder appears at the end
of the fitting.

2-20. The correct steps to be followed when soft

soldering copper tubing.

(Mueller Brass Co.)

Tap larger sized fittings

with mallet while solder

ing, to break surface ten-

sion and to distribute

solder evenly in joint.
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their connections. However, solders

containing as much as 95 per cent tin

are now being recommended for refrig-

eration work on cooling coils subjected

to temperatures below 30 degrees F.

A portable torch, Fig. 2-18, is a

practical tool to use for heating sur-

faces to be soldered. The gas that is

recommended for this type of torch is

acetylene (Prest-O-Lite). The flux re-

commended for this type of work is one

which has no corrosive properties. A
very satisfactory flux may be made of

alcohol and rosin. If an acid flux is

used in this work, it tends to corrode
the fittings and makes them unsightly

and hard to work on later.

An important fundamental of good

soldering is that the metal being joined

must be hot enough to melt the solder.

This is the only way the solder will go

into the pores of the metal. The heat

should be applied to the metal to be

soldered; then touch the solder to the

metal. If the parts to be soldered are
of the correct temperature, cleaned and
fluxed, the solder will flow quickly over
the surface. Do not heat the solder with

the torch.

When joining tubing and tubing fit-

tings by soldering, one must clean the

exterior of the tubing and the interior

of the fitting thoroughly. Rolls of sand
cloth are a good cleaning means. In-

ternal and external brushes are also
used considerably. Figure 2-19 illus-

trates a tube soldering unit that can be
connected to a Freon-12 cylinder or
compressed air line and checked for
leaks. When soldering tubing certain
definite steps should be followed in a
definite order. Figure 2-20 illustrates

the correct procedure.

Soldering coppers are frequently

used to perform some of the lighter

soldering tasks. These coppers come
in sizes from 1 to 4 pounds. The copper
must have a thin coating of solder on
the surface of the point. This "tinning"

of the copper is accomplished as fol-

lows:

1. Remove the oxide from the point

with a smooth file or sandpaper

2. Heat the copper

3. Sand the point of the copper
4. Immerse the point in flux

5. Rub the point of the copper in

solder placed in the hollow of a sal

ammoniac block (a flux)

Wire solder is usually the most
convenient to use because of the diffi-

culty of getting at the soldering sur-

faces, and the ease of application of

the wire solder. To clean the surfaces

previous to the soldering, a dry abras-

ive should be used, such as sandpaper.

Do not use emery cloth or emery paper
on the surface under any conditions.

While soldering, a helpful procedure is

to "wipe" the surfaces after putting

some solder on them; use a cloth, a

brush, or the solder wire itself. This

action will remove any dirt and will

help tin the surfaces.

2-9. REPAIRING THREADS

Occasionally the threads of a fitting

or fixture may become worn to such an

extent that they will not remain leak-

proof, especially pipe threads. Avery
convenient and rapid remedy for this

is to coat the threads with solder and

then remove the excess solder by

sharply rapping the fitting while it is

still warm. The threads will then be

coated with a thin film of solder which

will usually remedy the trouble.

2-10. SILVER BRAZING

One of the best methods of connect-

ing parts together in a leak-proof man-
ner and to provide maximum strength

is to silver braze the joint. These
joints are very strong and will stand

up under the most extreme temperature
conditions. Silver soldering, or silver
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2-21. Some recommended designs which may be successfully silver soldered.

(Handy & Harman)

brazing as it is more correctly called,

can be easily done if the correct pro-
cedure is followed. The points to be
remembered are as follows:

a. Clean the joints mechanically
b. Fit the joint closely and support

the joint

c. Apply the flux to match the silver

brazing alloy; Follow the instructions
on the container

d. Heat evenly to the recommended
temperature

e. Apply the silver solder as direct-
ed

f. Cool the joint properly

g. Clean the joint properly and
thoroughly

An oxy-acetylene torch is an excel-
lent heat source for silver brazing.
There are various silver alloys on the

market. Most of these have a 35% to

45% silver content. Contact your local

welding supply house for suitable sil-

ver soldering and brazing supplies.

This material usually melts at 1120 F.

and flows at 1145 F. The part to be

soldered or brazed must be made to fit

accurately and must be cleaned. Any
external surface should be cleaned to

remove dirt. A fine grade of steel wool

is considered good. Internal circular

surfaces can be cleaned with clean wire

brushes or steel wool rolled on a rod or

by using a clean drill.

The parts must have contacting sur-

faces of sufficient size, such as a tube

sliding into a fitting (not a drive fit) to

get a strong fit. Figure 2-21. The con-

tacting surfaces need not be very large

(three times thinnest section). If the
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parts are dented or are out of round,
these faults must be corrected before
the brazing is done. It is important to

support the parts securely during the

operation so no movement will take

place.

It is important to make sure that no
flux enters the system during the braz-
ing operation as it cannot be easily re-

moved. This overfluxing can be avoided
by applying the flux to the surface that

is to slide into the part. The excess
flux will then stay on the outside.

2-22. Silver brazing copper tubing to a compressor
dome. Note carbon dioxide connection.

(Handy & Harman)

The heating of the joint must be very
carefully done. Carbon dioxide or ni-

trogen should be circulated through the
refrigerator system during any solder-
ing operation on a complete mechanism
to prevent an explosion, Figure 2-22.
Caution: NEVER USE A REFRIGERANT
OR COMPRESSED AIR. The flux be-
havior is the best way to learn what
the temperature of the joint is as the

heating progresses. Keep the joint

covered with the flame all during the
operation to prevent air getting to the
joint. The flux will dry out; the moist-
ure (water) will boil off at 21 2 F.; then
the flux will turn milky in color. Next
it will bubble at about 600 F., following

this it will turn into a clear liquid at

about 1100 F. This temperature is just

short of the brazing temperature. The
solder itself melts at 1120 F. and flows

at 1145 F. A torch tip several sizes

larger than the tip used for soft sold-

ering should be used so be sure to heat

BOTH pieces which are to have the sil-

ver alloy adhere to them. Larger torch

tip sizes are recommended to allow a

2-23. Silver brazing a copper tubing connection. Note
the oxy-acetylene torch and the careful mounting of

the parts being brazed.

(Handy & Harman)

soft large quantity of heat without ex-

cess pressure or "blow." A slight
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2-24. A set of socket wrenches and handles.

(Snap-On Tools Corp.)

42



MATERIALS AND SERVICE TOOLS

eather on the inner cone is recom-
mended. Figure 2-23.

fell. CLEANING THE BRAZED
JOINT

It is necessary to thoroughly wash

ind scrub the completed silver brazed

joint. Use water. Any flux left on the

metals will tend to corrode them and

;he residue flux may also temporarily

2-25. An alloy steel box wrench which has 12 points

for use in cramped space.

=&

t-2b. A flare nut wrench. The open jaw permits mount-

ng the wrench on the nut with the tubing in place.

(Duro Metal Products Co.)

stop a leak which will show up later.

The joint may be cooled quickly or
slowly. Cooling with water is permis-
sible. This water may be used to wash
the joint at the same time. Visual in-

spection of the joint will quickly reveal

iny places where the silver alloy did

not adhere, but it is advisable to watch
for this adherence and make any cor-

rections during the brazing operation.

2-12. WRENCHES

A serviceman uses many wrenches
of several types and sizes. All wrenches
must be made of good alloy steel, prop-
erly heat treated, and accurately mach-
ined and ground to fit the assembly de-
vices. The wrench must fit the nut or

bolt head accurately, and it must fit as

much of the hexagon as possible. For
these reasons, the wrench types are

listed in their order of preference:

1. Socket Wrenches
2. Box Wrenches
3. Open End Wrenches
4. Adjustable Wrenches

2-13. SOCKET WRENCHES

If the unit or socket does not have
any obstructions over it, the six or
twelve point socket is the best wrench
to use. These sockets are usually made
of chromium-vanadium steel and are

turned by handles that have a 1/4 in.

square, a 3/8 in. square, or 1/2 in.

square drive, Figure 2-24. The handles

come in a variety of designs: Swivel

handles, T-handles, Ratchet handles.

Speed handles, Torque handles, etc.

Socket wrenches are more usable if

they are double broached (12 point).

Such a socket is easier to use if the

handle must be operated in a small or

restricted space.

2-14. BOX WRENCHES

When the nuts or bolt heads are in

close quarters and one cannot use the

socket wrench, the box wrench is an ex-

cellent tool. These box wrenches are

usually 12 point and provide a powerful

non-injuring grip, Figure 2-2 5.

_J=

2-27. A ratchet type flare nut wrench which may be

used where there is little space for movement of the

handle.

(Tubing Appliance Co., Inc.)

A very useful wrench for flare nuts

is the double broached box wrench made
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with an opening in the box ends to per-
mit one to fit the wrench over the tub-

ing, Figure 2-26. Box wrenches having
flat and 15 degree handles are neces-
sary to complete a kit. Figure 2-27

illustrates a ratchet type flare nut

wrench.

2-15. TORQUE WRENCHES

All materials are elastic. The cast

iron and hardened steel used in the con-
struction of compressors are elastic to

a degree. In tightening bolts, nuts, and
other attachments on compressor parts

2-28. Torque wrench.

(Duro Metal Products Co.)

and assemblies, it is important that the

degree of tightness be measured in

order not to distort or cause a mis-
alignment of parts. In order to measure
the degree of tightness, a torque wrench
is used, Figure 2-28.

These wrenches are usually wrench
handles only and are made to receive
sockets of various sizes. The handle is

equipped with a graduated dial or point-
er which is calibrated in footpounds or
inch pounds (to be technically correct
it should be called pounds feet and
pounds inches). To use the wrench the

operator fits the socket to the nut, then

draws up the tightness until the wrench
indicator shows the tightness prescrib-

ed. Service manuals list the recom-
mended torque (twist) for various parts

and fittings to give a snug fit and still

not cause excessive distortion.

Torque is calculated by multiplying

the length of the handle in feet by the

pull in pounds applied to the handle

(foot pounds). Inch pounds is calculated

by multiplying the length of the handle

in inches by the pull on the handle in

pounds.

2-16. OPEN END WRENCHES

These wrenches can slide on the nut

or bolt head from the side and are used

in close quarters and on unions and the

like where the socket wrench and the

box wrench cannot be placed on the as-

sembly device.

End wrenches should not be used

when the jaws are spread or when there

are burrs. It is also recommended that

end wrenches used in servicing work
have a wide jaw, or they will have a

tendency to bite into the soft brass

parts. Some popular sizes for wrenches
are: 1/2 inch across flats for 5/16 inch

N.C. and N.F. cap screws. These cap

screws are commonly used on com-
pressors, expansion valves, float valve

headers, etc. The 7/16 in. across flat

wrenches for 1/4 in. screws and bolts

are needed for float valve headers,

etc. The 3/4 in. across flats are used

for 1/4 in. flare nuts which use 7/16

2-29. An open-end adjustable wrench. This very popular

wrench must be carefully used to prevent injury to the

assembly device and to the wrench.

(Snap-On Tools Corp.)

in. 20 N.F. threads. The 1 in. across

flat end wrenches fit the 1/2 in. flare

nuts which use 3/4 in. 16 N.F. threads.

2-17. ADJUSTABLE WRENCHES

Wrenches with an adjustable opening

between the jaws have long been popu-

lar. One wrench can be used on a num-
ber of different sized nuts or bolt heads.

However, the adjustable feature usually
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•esults in one relatively weak jaw which

oon goes out of alignment; and also

urried work sometimes means that the

rrench will not fit tightly, resulting in

ruined wrench, bruised hands, and a

uined nut or bolt headi" Figuye 2-29.

Adjustable wrenches are necessary

a the kit because of the odd sizes found

q this work, but it is best to use the

ther wrenches unless the adjustable

zrench is fitted tightly to the nut. The
-eason for this recommendation is that

djustable wrenches are much more ex-

pensive and are sometimes used when

iiot correctly adjusted to the nut, tending

o abuse it.

tioned here that, when cracking valves,
the fixed end only should be used; when
opening and closing valves through any
appreciable distance the ratchet end
may be used, Figure 2-30.

Some service valve wrenches have a
reversible ratchet which enables the

-30. A service valve ratchet wrench. The left hand
pening is a % in. square, the right hand a '/4 in.

}uare with a j/2 in. hexagonal socket. The other square
is a 3/16 in. opening.

(Imperial Brass Mfg. Co.)

*^<C%

2-32. A set of socket wrenches and handles for refrig-

eration work. The top row are gland sockets and valve

stem sockets. The middle row are 12 point and 6 point

sockets.

(Duro Metal Products Co.)

-31. A special service valve wrench. Note the fixed

nd for "cracking" purposes and the reversible ratchet

nd for quick control or valve stems. The fixed end has

openings for three different size valve stems.

(Duro Metal Products Co.)

It is important to use wrenches in

>uch a way that they fit completely on

he nut or bolt. One should always pull

in a wrench rather than push on it,

Dtherwise sudden loosening may cause

serious injury to the hand.

M8. SERVICE VALVE WRENCH

The service valve stems are usual-
ly constructed with a square end milled

)n the valve shaft and need a special

trench to manipulate them. This tool

isually has a ratchet and a fixed end
for this kind of work. It may be men-

operator to reverse the turning without

removing the wrench from the stem,

Figure 2-31.

2-19. SERVICE VALVE WRENCH
ADAPTERS

Many companies use valve stems
other than the 1/4 inch square; some
valve stems are constructed in such a

manner that the milled end is inside

the valve body, necessitating a socket

wrench to manipulate it. For these

reasons adapters are available in the

various sizes. The male, ordrive, part

of the socket is usually 1/4 in. square

although there are a few which use a

larger drive (9/32 in.). The socket, or

opening which fits the valve stem,

comes in five sizes: 3/16 in., 7/ 32 in..
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1/4 in., 5/16 in. and 3/8 in. These

sockets are usually made with eight

points to simplify their use. Most of

the valve stems have internal packing

gland nuts, and special sockets must be

used. Some Frigidaire and Norge valves

are examples. It is best to obtain these

special sockets with ball-bearing grip-

pe rs to prevent losing them when work-
ing in difficult positions. Figure 2-32

illustrates these special sockets.

depend on are the thermometer and

gauge set. The thermometer is used to

check the cooling unit temperature, the

refrigerator cabinet temperature, and

the condensing unit temperature. To
determine whether the thermometer is

S=0E

2-20. FITTING RESURFACERS OR
REFACERS

After a fitting has been used for a

number of times and tightened and loos-

ened repeatedly > the 45 degree flare

surfaces become worn. Rough handling

may also abuse the 45 degree surface.

To true up the surface again, a special

2-33. A fitting reamer set. A. Flared end of fitting;

B. 45° reamer blades; C. Adapter for each size of

fitting; D. Reamer handle.

(Imperial Brass Mfg. Co.)

tool may be used. This tool consists of

a 45 degree end reamer built into a

special jig with adapter threads for

every size fitting. A T-handle is used
to manipulate the reamer. One form of

this tool also recuts the threads. Bad-
ly worn fittings should always be re-

placed rather than repaired. Figure
2-33 illustrates a fitting reamer set.

One should never reverse the turning

of the reamer as the action will dull

the cutting edges.

2-21. THERMOMETERS

Two tools that the service man must

2-34. Stem type refrigeration thermometer with poclte

carrying case.

(Taylor Instrument Co.)

accurate, an ice and water bath maj
be used, and the thermometer shoulc

check within 1 F. of 32 F. Usually the

thermometer carried by refrigerato;

servicemen will not go up to 212 F.

therefore, the ice bath is the onl?

check that can be easily used, Figun
2-34.

Many types and sizes of thermomet-
ers have been developed for the refrig-

eration service and installation man
Probably the most popular is the glass

stem type mounted in a metal casetha

is equipped with a pocket clip to per-

mit it being easily carried in a pocket

The glass stem thermometers usuat

ly read from -30 F. to 120 F. in 2 F

RESERVOIR

IL-STEM

-LOWEST SEPARATION

DON'T TOUCH THERMOMETER WITH
MATCH OR CIGARETTE.

MATCH OR CIGARETTE

'BALL
DON'T APPLY HEAT FROM
THE BOTTOM

2-35. One method that can be used to connect a bree

in the liquid column of a glass stem thermometer.

(White-Rodgers Electric Co.)
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i i

raduations. The tube may contain

ither mercury or a red fluid. The
uercury-filled thermometer is faster,

ut it is harder to read. Some ther-

mometers have a special magnifying

ront built into the glas"s. to magnify
le liquid level to aid in reading.

Occasionally, the fluid in the col-

Imn will separate. The best way to

lake the column a solid column of

iquid again is to cool the bulb with a

mall quantity of liquid Freon- 1 2 spray-
d on it. The column will shrink into

tie bulb; and when it re-expands, the

reak will have disappeared. If the

aercury is frozen into a solid the ther-

oometer will break.

Another way to connect the column
/hen a break occurs is to heat the

hermometer as shown in Figure 2-35.

Metal clips are available to fasten

hese thermometers to coils and tubing

or accurate temperature measuring.

!-36. A dial type thermometer with a remote sensitive

bulb. Note the range is from —40 F. to 120 F.

(Taylor Instrument Co.)

Dial thermometers are also used
extensively. They are operated either
oy a bi-metal strip or by a bellows
charged with a volatile fluid. Some of
the dial thermometers have a remote
sensitive bulb connected to the bellows

by means of a capillary, and some are
equipped with an adjusting screw to
enable one to reset them if they start to
read inaccurately. Figure 2-36.

2-22. GAUGES

Inasmuch as the pressure gauges
that the serviceman uses are the in-
struments whereby he determines ex-
actly what is happening inside the sys-
tem, it is evident that these gauges
must indicate correctly. This neces-
sitates very accurate gauges and a
periodic recalibrating of these gauges

2-37. Pressure gauges for servicing refrigerators. A. The
high pressure gauge. B. The compound or low pressure

gauge.
(Marsh Instrument Co.)

to reset them to their original accur-
acy. The two gauges most used are the

high pressure gauge used on the high
side of the system and the compound
gauge used on the low side of the sys-
tem. These two gauges are calibrated

quite differently. See Figure 2-37, A
and B.

The high pressure gauge (A) has a
single continuous scale reaching from

to 300 usually. The compound gauge
(B) measures pressures both above
atmospheric and below atmospheric.

There are a large number of dif-

ferent dial calibrations on the market,
Figure 2-38. The high pressure gauge
scale is usually in either 2 lb. or 5 lb.

graduations, while the compound gauge
scale is either in a 1 in., 2 in. or 5 in.
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2-38. Several types of gauge dials. A, B, F, and H are pressure gauges. C, D, E, and S are compound gauge

graduations below atmospheric pres-

sure and as above for pressures above

atmospheric. Some gauges use a re-

tarder to permit accurate readings in

the usual operating range by using an

extra spring at pressures above nor-

mal. These gauges are easily recog-

2-39. Internal construction of a pressure gauge. A.

Adapter fitting, usually '/g in. national pipe; B. Bourdon

tube; C. Link; D. gear sector; E. pointer shaft gear; F.

calibrating spring; G. restrictorl H. case. A bezel fastens

the crystal to the case and a dial completes the gauge.

All the bearings are very delicate and the gauge must

be handled with the greatest care. J. is the cross section

of the Bourdon tube.

nized by the change in graduations at

the higher readings of the positive

pressure scale.

The gauges are constructed using a

Bourdon tube as the operating element.

This Bourdon tube is a flattened cop-

per tube sealed at one end, curved, and

soldered to the gauge fitting at the othe

end. Figure 2-39. A pressure rise i

the Bourdon tube will cause it to ten

to straighten out. This movement wi]

pull on the link, which will turn th

gear sector contra-clockwise and th

pointer shaft will then turn clockwis

moving the needle likewise.

Instruments have been designed t

calibrate gauges accurately; any sho

that uses a large number of gauges o

is remotely situated should have onec

these instruments on hand for calibra

tion. These instruments are usuall

built on the basis of dead weights fo

calibration above atmospheric pres

sure and a mercury column indie at<

for pressures below atmospheric, o

vacuum.
The high pressure gauges have

range as shown, of 0-300 psig pres:

sure, but this does not protect th

gauges from being harmed at lowe

pressures. A rapidly fluctuating pres

sure at any pressure will soon hari

the gauge. A sudden release of 300 ps

into the gauge will also injure it. Th
most popular gauges have a 2 1/2-it

dial and use a 1/8-in. pipe, mal
thread. However, many have 1/8-in

pipe female thread. A servicema
should use another fitting 1/8-in. pip

male by 1/8-in. female to protect th

gauge threads. The compound gaug
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upecially should be protected from
iiy abuses and sharp pressure fluctu-

lions. These gauges should be cali-

t-ated at least once every month. By
c.libration is meant that they should

t checked on a machine using a mas-
tr gauge. They must be checked over
teir full range or scale.

I
The compound gauge may be ob-

ttned in various calibration ranges

30 in. Vac-0 psi, has three additional

scales which give the evaporating tem-
perature corresponding to the various
pressures for such refrigerants as
sulphur dioxide, methyl chloride, and
Freon-12. This extra scale makes
it unnecessary to refer to pressure
temperature curves or tables for com-
mon refrigerants in order to check
operating pressures.

Refrigerant
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oils have a foaming inhibitor added.

(One must be very careful to use

oils that have a low enough pour point

and that there will be no wax separa-

tion at the low temperature to cause

refrigerant control clogging.)

Refrigerant oils are available in

several viscosities. Vis cosity is the

time in seconds it takes for a definite

quantity of the oil to flow through a cer-

tain size opening at 100 degrees F.

(Sayboldt). Therefore, the lower the

viscosity number, the thinner the oil.

The six standard viscosities are 7 5-85,

95-105, 150-162, 192-208, 300-324, and

485-515.

The Freon group of refrigerants

uses the thicker oils such as 300-324

and occasionally 485-515 (air condi-

tioning).

Methyl Chloride uses the 300-324

group; sulphur dioxide uses the 150-

162 group usually, while the 9 5-105

group is for low temperature use.

The food freezer and frozen food

units need oils that have extra low pour
points, and they must have extra low

wax contents.

Hermetic system oils must be of the

best quality obtainable. These oils.must

have a minimum of foreign matter,

moisture, and wax. The oil cannot have

any hydro-carbons that may precipitate

on the compressor valves or other

parts. The viscosity of the oil must be

accurately determined for the tem-
perature ranges to which the refrigera-

tor may be exposed. The oils must have

a very low temperature pour point and

a very low wax separation point. The
accepted method to test an oil for

moisture content is the Dielectric Test.

This test imposes a 25,000-volt elec-

tric pressure on electrodes immersed
in an oil sample. If any current flows

there is moisture present in the oil and

the oil is unfit for refrigeration use. It

is highly important that this oil be kept

in sealed containers, that it be trans-

ferred in chemically clean containers

and lines and that it not be left exposed

to the air as it will absorb moisture,

Figure 2-40. Never refill a refrigera-

tor with used oil. Always use new oil.

The oil (mineral oil) is obtainable

in 1 -gallon cans, 5- gallon cans, and

in barrels. The price varies somewhat
with the grades, such as a low pour-

point oil is more expensive than one

having a higher pour-point value. The

pour-point of any oil is the temperature

at which it starts to flow. For domestic

machines with refrigerant tempera-

tures as low as F. to 5 F., a pour-

point of -20 F. is desirable. Always

seal an oil container after having drawn

some oil from it.

2-24. REFRIGERANT CYLINDERS

Refrigerant cylinders are made of

steel. They are usually of one piece

construction with one opening for the

service valve. The larger cylinders

usually have a fuse plug threaded into

the concave bottom as a protection

against overheating or excessive pres-

sures.

The refrigerant cylinders should be

stamped with an I.C.C. stamp (Inter-

state Commerce Commission) and

2-41. A refrigerant service cylinder. The color code fc

cylinder colors is as follows: Silver and black—sulphu

dioxide, Orange and black—methyl chloYide, Red ant

black—iso-butane, Yellow and silver—Freon — 12.

should also be dated. The cylinder

should not be used when the date onth<

cylinder is more than six years old

Refrigerant manufacturers request tha

all cylinders be returned to them eacl

six months or more often in order tha
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he valve fittings and the complete

:ylinder may be carefully checked. This

fervice assures safer cylinders. The

service man's cylinders are called

')-lb. cylinders; they are^usually equip-

ped with a service valve-having a 1/8

n. pipe female connection, Figure 2-41.

This size of cylinder is not equipped

vith a safety fuse plug. The cylinder will

iold 5 lbs. of sulphur dioxide, 3 lbs. of

hethyl chloride, just a little more than

lb. of iso-butane (Freezol), and 5 lbs.

)f Freon -12.

The cylinders for the various re-

frigerants obviously should not be

nterchanged; to help prevent this,

lifferent colors are painted on the

cylinders. Silver and black are used for

mlphur dioxide cylinders; orange and

>lack for methyl chloride cylinders; and

-ed and black for iso-butane, while

rellow and silver are used for Freon
12. When purchasing refrigerants, 100

ind 150 lb. containers should be obtain-

ed. This permits a much lower price

ter pound of the refrigerant. The
: ransferring of the gas from this large

:ylinder to the service cylinder should
:

Se carefully performed and a record

:ept of how much has been removed.
\dd 3 per cent to account for gas

osses. Service men also use cylinders

)f the following sizes for large jobs.

These cylinders are equipped with
" lafety fuse plugs:

>eon 12 25 lb.

^reon 22 22 lb.

145 lb.

125 lb.

: Aethyl

Chloride 15 lb. 60 lb. 100 lb.

lulphur

Dioxide 25 1b. 100 1b. 150 1b.

: ,
rreon 1 14 25 lb, 150 lb.

A cylinder should be thoroughly

•insed out periodically. Use a moisture

absorbent cleaning fluid, as the im-
purities getting into the refrigerants

may be very corrosive to the re-

frigerating system.

You can tell whether or not there is

refrigerant in a cylinder by shaking it

and listening to the movement of the

liquid or by tapping the sides of the

cylinder, which will indicate the level by

changing its tone as the pounding passes

the liquid level.

The cylinder valves should receive

the same care as the service valves of

a refrigerator. The valve is a packed,

one-way valve; the packing nut should

be kept tight unless using the valve.

The opening should be sealed with a plug

when not in use.

Caution: NEVER FILL A REFRIG-
ERANT CYLINDER COMPLETELY
FULL OF REFRIGERANT BECAUSE
THE CYLINDER MIGHT BURST DUE
TO HYDROSTATIC PRESSURE. THE
SAFE LIMIT IS 85 PER CENT FULL.
NEVER HEAT A CYLINDER WITH A
FLAME; IT MIGHT BURST.

Service tanks should be weighed

before and after filling, for in this way
the amount of refrigerant in the cylin-

der may be readily determined. When
charging a cylinder, the service cylin-

der should be placed on accurate scales

and only the specified weight of re-

frigerant charged into it.

2-25. BRINE

Some older refrigerating units have

the cooling unit in a brine filled tank.

The advantage claimed for these brine

tanks is that the quantity of the brine

acts as a storage for refrigeration;

it will absorb considerable heat be-

tween running cycles of operation of

the condensing unit, thereby lengthening

the interval between cycles of the unit.

The term "hold over" is applied to

cooling units that are designed to pro-

vide refrigeration between running per-

iods of the condensing unit.
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2-26. COMPOSITION OF BRINE

The older refrigerators used a cal-

cium chloride (CaCl) brine. This brine

was composed of a solution of about

2 1/2 lbs. of CaCl in a gallon of water..

Such brine will not freeze above F.

Care should be taken when mixing the

brine because of the heat generated.

Never mix the brine in the cooling unit

itself. To help prevent corrosion, a

little bichromate of soda is added.

Later models used alcohol or gly-

cerine brine as they have less corro-

sive actions on the metals. Alcohol and

glycerine brine may be used where

CaCl has been used if it is desired.

The usual alcohol brine consists of

30-40 per cent alcohol (Formula No. 1)

and water. This brine will not freeze

above F. Glycerine brine is made of

40-45 per cent glycerine in water

solution. This will not freeze above

F.

2-27. GASKETS

Because it is impractical to make
surfaces being clamped together leak-

proof and because subsequent warpage

would likewise cause the joint to leak,

some soft material (gasket) is used to

fill the slight imperfections between the

surfaces.

Gaskets are used to seal joints

between assembled parts to keep the

refrigerant from leaking out, to keep

the oil from leaking out, and to keep

air from leaking into the system.

Gaskets are used between the valve

plate and the compressor body, and

between the valve plate and the com-
pressor head. Gaskets are also used on

the crankcase and at the crankshaft

seal.

Metal gaskets are very common.
Lead is the most popular metal because

it is soft and non-corrosive. Aluminum

has also been used. Composition gas-

kets made of plastic impregnated paper

are also popular.

These gaskets must not restrict the,

openings. They must not lose their

compressibility, and they must not be

thicker than the original gasket.

The surfaces that contact the gasket

must be kept free of burrs, bruises,

and foreign matter.

2-28. CLEANING

Before any mechanism can be suc-

cessfully repaired, it must be thor-

oughly cleaned. Also this same mech-
anism must be cleaned after it has been

repaired. Many methods have been used

to clean mechanisms. Some do not do a

thorough job, while others are danger-

ous. A cleaning method must be able to

remove oil, grease and sludge. It must

not injure the parts and, most im-
portant, it must not be injurious to the

user. In refrigeration and air con-

ditioning applications, the cleaning

method must remove moisture, or at

least not add moisture.

There are several classes of clean-

ing methods:
1. Steam Cleaning: If the parts are

exposed to hot water or steam, the

grease will become more fluid and will

float off the surface. However, steam

and hot water will burn one if care-

lessly used.

2. Caustic Solution Cleaning: When
an alkaline is dissolved in hot water,

the mixture will remove grease and oil.

This solution must be carefully used or

one may suffer burns or injured eyes.

3. Oleum or Mineral Spirits: Apet-

roleum product that is very popular is

a petroleum derivative that has a flash

point of approximately 140 F. (kerosene

has a flash point of 130 F.). It cleans

well and leaves a nice smudge-free

surface. However, there is always a.

fire hazard in connection with this fluid.

It cleans well, but should always be

used in small amounts only. It should
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be used in self-closing tanks, and the

cleaning tank should be exhaust venti-

lated (hood and an explosion-proof

exhaust fan).

4. Carbon Tetrachloride: This is

an extremely heavy fluid, that cleans

grease, oils, sludge, etc.; and it also

absorbs some moisture. For many
years, it was rated as almost a perfect

cleaner. However, medical authorities

found that carbon tetrachloride breath-

ing or wetting the skin with carbon

tetrachloride affects the kidneys and

liver and that this bad effect is ac-

cumulative. Breathing even small con-

centrations of the fumes will eventually

make one very ill and may even cause

death.

5. Never use gasoline for cleaning.

It has an extemely low flash point, and

its fumes are heavy and may travel

far to ignition sources.

6. Alcohol is a good cleaning fluid.

However, it is both flammable and
toxic. Special precautions must be

taken when using it.

7. Vapor degreasing is a system
whereby a cleansing fluid is placed in

a tank; the fluid is warmed so that the

upper part of the tank is filled with the

vapors of the cleaner. Any parts sus-

pended in this cleaning vapor are

quickly and thoroughly cleaned. Such a

tank must be specially vented.

8. There are several patented

cleansing fluids available. One should

be sure to read the instructions and to

follow them closely.

Refer to Chapter 29 for a more
technical explanation of metal cleaning.

2-29. ABRASIVES

Surfaces are cleaned, smoothed or
made accurate to size with abrasives.
Abrasives are grinding particles at-

tached to paper or cloth by some glue
or adhesive. Various abrasive mater-
ials are used. Sandpaper was the only

abrasive for many years, and it is still

excellent for wood finishings or where
a dry surface is wanted. Emery, alum-
inum oxide, and silicon carbide are
abrasive materials used today.

Emery cloth is available in different

grades. These grades are 0000 (finest),

000 (very fine), 00 (fine), (fine), 1/2
(medium fine), and 1 (medium light).

The silicon carbide abrasives are
available as follows: 500 (finest), 360
(very fine), 320 (fine), 220 (medium
fine), and 180 (medium).

The aluminim oxides are available

as follows: 320 (extra fine), 240 (fine),

150 (medium fine), and 100 (medium).
These abrasives come in 9 in. x 11

in. sheets or in rolls usually 1 inch
wide.

When using these abrasives, the
paper or cloth is backed by a block
made of wood, metal, felt or rubber.

Special sanding blocks may also be
obtained.

2-30. VALVES

Practically all systems that contain

fluids use valves to either manually or
automatically control the flow of these
fluids. The automatic valves operate on
the basis of liquid level changes, on
pressure changes, or on temperature
changes. Examples of these are the low
side float valve, the automatic expan-
sion valve, and the solenoid valve

respectively.

However, the service man must
also be familiar with the manual valves
installed in the refrigerating system.
These valves enable the service man to

separate the various parts of the sys-
tem, one from the other, and to install

gauges, charge, or discharge a system.
There are several kinds of manual

or hand valves in use. These valves may
have hand wheels on the stems, but

most, of them are made in such a way
that a valve wrench is needed to turn

them. The stems are made of steel or
occasionally brass. The body is usually
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made of drop forged brass. Packing is

installed around the valve stem, and a

packing adjusting nut is used to keep the

joint from leaking.

The types of valves in use are the

one way valve and the two way valve.

The one way valve is closed by turning

the valve stem all the way in (to the

right or all the way clockwise). The
two way valve usually closes or shuts

off the refrigerant flow in the system
when the stem is turned all the way in;

while it shuts off the charging, dis-

charging or gauge opening when the

valve stem is turned all the way out or

all the way contra-clockwise. The valve

2-42. Two typical service valve designs: I. A two-way
valve. A. Opening to compressor; B. To suction line;

C. Opening for gauges. 2. A one-way valve. A. To
liquid line; B. To liquid receiver.

is open both ways if the stem is turned
to be part way between all the way out

or all the way in, Figure 2-42.

The tubing, or pipe, is fastened to

these valves by the flare connection or
by soldering. The valve is fastened to

the compressor by pipe threads or by
bolted flanges.

It is good practice to open any valve
by first just "cracking" it, i.e., open-
ing it 1/16 to 1/8 turn. This slow
opening prevents a shock pressure
rush, which may injure mechanisms or
flush oil in abnormal amounts.

2-31. SMALL TOOLS

The refrigerating mechanism in

comparison to an automobile engine is

a relatively light duty one. It can easily

be abused. Therefore, when one works
on this mechanism, it is necessary to be

careful in the use of tools to avoid

injuring the unit.

Practically all the common small

tools are used on refrigerating units.

Such tools as brushes, chisels, hack-

saws, hammers, mallets, punches,

rules, stamps, vises, etc. are all used

in practically every hand tool industry.

2-32. BRUSHES

Work must be kept very clean tc

obtain good results. Brushes are pro

bably the most satisfactory cleaning

tools.

For cleaning copper and steel sur-

faces for welding or brazing, a clear

steel wire brush is the most satis-

factory tool. These brushes may b«

obtained in a variety of shapes anc

sizes. The brush should have fine stee

wire bristles, thickly set, and shoulc

have a comfortable handle. Specia

cylindrical brushes are available ii

all sizes for cleaning the external anc

internal surfaces of tubing and fitting

prior to soldering and brazing. Figure

2-43 illustrates some good brushes fo:

this work.
Paint brushes are needed to appl;

paints or to use with cleaning solvents

If used for painting, the brushes shoul

be of the best quality (long bristles

The brushes must be thoroughly clean

ed after being used, and they should b<

wrapped in wax paper and labeled befor

storing. When used with cleaning sol

vents, the brush handle should be drill

ed and the brush hung over the cleanin

tank.

File brushes and file cards are ver
necessary as the file teeth quickl;

become filled with metal, and unless th

clogging material is removed, the file

are useless. Do not use the file card fo

any other purpose as the bristles ma
become clogged with foreign matter.

54



MATERIALS AND SERVICE TOOLS

2-33. COLD CHISELS

In general, a cold chisel is not

leeded in a refrigeration shop; but

occasionally for odd jobs in the shop,

he tool will be founcf quite* useful,

frequently, one will find the assembly
levices on cooling coils very corroded,

ind a chisel will be needed to remove
he nut or screw. A 3/4 in. flat cold

chisel is the most popular size. Be sure

o keep the hammering end of the chisel

2-43. External and internal tubing brushes.

(Schaefer Brush Mfg. Co.

free from mushrooming. Pieces may
fly from a mushroomed head causing
injuries.

2-34. FILES

For thorough cleaning of metal sur-
faces and some filing work, files of

various sizes and types are necessary.
Files are classified according to

their tooth size, their shape, and the

number of directions the teeth are cut

on the file.

All files are either single cut or
double cut. Figure 2-44.

The single cut file is used for

finishing surfaces, while the double cut

files are used for fast metal removal.

Files come in different lengths: 4,

6, 8, 10, 12 in., etc.; and the coarse-

ness of the teeth is proportional to the

length. The size of the teeth on files

varies from dead smooth, smooth,
second cut, bastard, to coarse. A second
cut 6 in. file has much smaller teeth

than a second cut 12 in. file.

Files come in a variety of shapes:

rectangular, half round, round, triangu-

lar, square, wedge shape, etc.

One oddity in files is that there are

three types of rectangular cross section

files; (1) hand, (2) flat, and (3) mill.

The mill file has only single cut

teeth. The hand and flat files have
double cut teeth. But the hand file has

one edge that has no teeth (called a safe

edge) and the edges of the file are

straight edges. The flat file has teeth

on all four surfaces and edges which

are curved.

It is important to use file handles

on files to avoid injury.

2-35. HACKSAWS

A hand hack-saw is a popular tool

for cutting tubing and for other installa-

tion and maintenance work.

2-44. An illustration which shows the difference between
a single-cut and double-cut hand file.

(Nicholson File Co.)

A rigid frame using a 10 in. blade is

the most popular type for this work.
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Figure 2-45 illustrates a suitable saw.

The blades have different numbers of

teeth per inch. Fourteen teeth per inch

blades are used for soft metal and wide

cuts; eighteen teeth per inch blades are

used for medium soft metals; twenty-

four teeth per inch blades are used for

general work; and thirty-two teeth per
inch blades are used for thin metal,

tubing, and/ or hard metal. One should

stroke a hack-saw about 60 strokes per
minute and always lift the blade slightly

on the back stroke.

With most blades the teeth are
hardened while the back of the blade is

soft and flexible. The blades are usually

tungsten steel alloy, although high qual-

ity blades are tungsten, molybdenum
steel alloy.

Special hack-saw frames are avail-

able to enable one to work in small

holes. There is also a stub hack-saw
blade and adapter drive to fit electric

drills.

2-36. HAMMERS

A hammer is necessary for shop

maintenance work. A 12 or 16 ounce

ball-peen hammer is the most useful

size. It is very important that the head

be very firmly fastened to the handle

and that the handle be in excellent

condition. Correct use of a hammer
means to grasp the handle about two-

thirds of the way along the handle from
the head. One should use mostly the

elbow muscles rather than the wrist

muscles to move the hammer.

2-38. PUNCHES

Center punches are required for

locating the position to drill. Remember
that the center punch mark must be

large enough to hold the point of the

drill. Center punches are also used to

make alignment marks on refrigeration

parts before dismantling.

These tools are usually of carefully

heat treated chrome alloy steel. The
cutting edge must be hard, while the

pounding end must be tough and shatter

proof. Always grind away any mush-
room head that forms. A fairly heavy 6

in. punch will be the most satisfactory.

Drift punches and pin punches are

used to remove retainer pins and keys.

The blunt end is called the bill. The
punches are measured in small lengths

and in diameter of the stock. These
chrome-vanadium steel punches come
in sizes, 3/32 to 5/16.

2-39. PLIERS

Pliers are universal tools. There
are many different types for each and

every job.

Gas Pliers: These pliers are slip

joint combination pliers, and are very

handy for general use. They should not

^M..-

2-37. MALLETS

The mallet is frequently needed to

drive parts into place or to separate

parts without injury to the surfaces. To
do this driving, a 1 1/2 lb. to 2 lb.

mallet is the most desirable. A raw-
hide, rubber, wood, or lead mallet

should be used. The wood or raw-hide

mallet is preferred.

2-45. A hacksaw used to cut copper tubing and pipe

(Duro Metal Products Co.)

be used on nuts, bolts, or fittings, an

they might slip and injure the device

Cutting Pliers: These pliers come
into good use when working on the wir-
ing of the refrigerator. One type called

the lineman's pliers is a powerful
cutting and gripping tool. Another type
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called diagonal pliers is used to cut

in close quarters.

Nut Pliers: A useful tool that is very

rapid to use and that saves considerable

time when detaching terminal nuts,

etc. is a pair of nut pflers. Jn general,

it is considered bad practice to use

pliers of any kind on bolts or nuts; but

these pliers have parallel jaws and

some are equipped with an adjustable

cam action that locks the jaws on the

device. These are very useful for

holding the head of a bolt while turning

the nut with a wrench.

Slim nose pliers and duck bill pliers

are used to reach into hard to reach

places.

Round nose pliers are used to shape

wire into loops and to bend sheet metal

edges.

Pliers are made of alloy steel,

usually with manganese, although some
are chrome vanadium steel. All the

better pliers are drop forged.

2-40. STAMPS

It is good practice for the re-

frigeration service man to stamp his

name and the date on any unit sold or

serviced. This eliminates grounds for

arguments. Many companies have a

code system whereby only their own
employees are able to get the informa-

tion stamped on the unit. This stamping

is done with hardened steel stamps.

These may be obtained in a variety of

sizes, letters, figures, or symbols.

One-eighth inch letters are the most
important popular sizes. These stamps
should not be used on hardened mater-
ials such as tools, etc.

2-41. RULES

A 9 inch or 12 inch steel rule is

frequently needed for measuring dis-

tances when overhauling units or in-

stalling them. The rule should be

calibrated in 1/32 inches, and if pos-

sible, should be of stainless steel to

avoid rusting. The numerals and grad-

uations should be very legible. Installa-

tion men will find a 6-foot flexible

steel tape of great value when laying

out a job.

2-42. SCREW DRIVERS

Screw drivers are extensively used

for refrigeration service work; for

installation, and for shop work. A com-
plete set of screw drivers will be found

highly desirable. The length of a screw
driver is measured as the length of the

blade, not including the handle. The
recommended sizes for the average

shop should include 2 1/2, 4, 6 and

8 in. sizes.

There are several types of screw
drivers. There is the straight blade or

regular screw driver and also a rela-

tively new type of screw driver, the

Phillips type, in which a recessed cross

in the head of the screw forms a

socket for a mating point on the screw
driver. Phillips screw drivers are

available, in four sizes: the 3 in. size

for No. 4 and smaller screws, the 4 in.

size for No. 5 to No. 9 screws, the 5 in.

size for No. 10 to No. 16 screws, and

the 8 in. size for No. 18 and larger

screws.
The size of the screw end of the

screw driver is very important. The

screw driver bit should fit the screw

slot snugly and the blade should be wide

enough to fill the screw slot end to end.

Stubby screw drivers are available

for working in small spaces. Screw

drivers may be equipped with a screw

grasping clip to aid starting a screw.

The better quality screw drivers have

strong handles firmly bonded to the

blade. Plastic handles are very popular.

An offset screw driver is very

necessary in refrigeration work as

there are many places where it is the

only type that can be used.
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A hammer should never be used on

a screw driver. If a screw driver is

needed for heavy service, one with a

solid steel handle may be obtained.

2-43. VISES

Sturdy machinist's vises are quite

necessary in the shop. The vise is

particularly convenient for holding

parts during drilling, filing, or as-

sembling.

A pipe vise is also found to be a

useful shop tool. Always remember to

use soft jaws when working on a part

which must not be marred.

It is especially advisable to have a

vise large enough to hold most com-

These drills are either high carbon

steel (least expensive) or high speed

drills (alloy steel) (H.S.S.). The number

sizes 1 to 80 vary in size from .2280

INCH to .0135 INCH. The higher the

number, the smaller the drill. Letter

size drills are odd diameter drills of

over 1/4 inch diameter and vary from

.234 for the A drill to .413 for the Z

drill. Fractional size drills vary from

1/16 in. to 1 in. by 1/69 of an inch.

Drills are revolved on the basis of

cutting speed; the smaller the drill the

faster it is turned. Most drills have

two cutting edges called lips. These

cutting edges must be very sharp, and

they must have clearance and a rake

angle, Figure 2-47.

Drills are provided with flutes which

remove the chips from the hole. Most

flutes are spiralled at an angle which

automatically provides a rake angle for

the cutting edges.

2-46. A typical straight shank twist drill.

(Cleveland Twist Drill Co.)

pressor bodies. A vise that is very

useful in a large shop installation is a

special pipe vise that has a hack saw

blade slot for accurately cutting of

copper pipe.

2-44. DRILLS

Drills are frequently used for in-

stallation and repair work. Drills are

available for drilling metal, wood,

plastics, and masonry. These drills are

turned by drill presses, hand electric

drills and braces. Drills for drilling

metal come in three different set-

sizes; namely, number sizes, letter

sizes, and fractional sizes. These drills

are usually of the straight shank type,

meaning that the drill has a straight

round section for gripping by a three

jaw chuck. The size and kind of drill is

stamped on the shank, Figure 2-46.

2-47. Correctly ground twist drill. The clearance angle

is the angle used for mild steel and cast iron.

(The Cleveland Twist Drill Co.)

One must always be sure the drill is

cutting when it is used because if the

cutting edges are just rubbing against

the stock they will quickly heat up and

the hardness of the drill will be des-
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troyed. To insure that the drill forms
the correct sized hole, both cutting lips

must be exactly the same length and

angle, Figure 2-48. If one lip is longer,

the hole being drilled will be over-

size; and if one lip
/has a* smaller

angle, it will do all the cutting and will

soon become dull.

Various devices are used to turn

drills. The hand powered drill drives

are the hand drills, the breast drill

and the automatic or push drill. All of

these tools must have a chuck that will

several pieces and then assembled.
Also, if there is motion in the mech-
anism, such as piston in a cylinder, the

apparatus must be made of two or more
pieces.

Many clever ways have been devel-

oped to fasten multiple pieces together.

In woodwork pegs, glue, nails, screws,

have all been used. In metal work,

soldering, brazing, welding, crimping,

rivets, bolts, machine screws, pins,

spring fasteners, force fits have all

been used with success.

;?
* f /

Z
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2-48. The results obtained when a twist drill is incorrectly sharpened. I. Lips are equal in length but at

different angles. 2. Lips are at equal angles but are of different lengths. 3. Lips are at different angles and are

of different lengths.

(Cleveland Twist Drill Co.)

hold the drill true. The power drills

are the electric hand drill, the breast

electric, and the air powered drills.

One should always wear safety

goggles when drilling, either in a drill

press or with portable drills. All

electric drills must be grounded for

safety, i.e., the frame of the drill must
be electrically connected to a good

ground (a water pipe or a conduit).

2-45. FASTENING DEVICES

Many things are made in one piece

today that were considered impossible
to fabricate a short time ago. However,
many mechanisms must still be made of

The assembly device that should

be used depends first on the kind and

the condition of the metal and second

on how frequently the pieces must be

dismantled.

If the parts are to be put together

permanently, riveting, welding, solder-

ing, and brazing are popular assembly
devices.

If the parts must be dismantled

occasionally, assembly devices are

used that can be easily removed without

injuring the parts. Nuts and bolts, cap

screws, machine screws, and set

screws are all used for this purpose.

See Figure 2-49.
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2-46. MACHINE SCREWS

Many small parts are assembled

using specially threaded devices called

machine screws. These machine
screws are made of steel, stainless

steel, brass, monel metal, etc. They
are available in a variety of head

1

/

=^-l

2-49. Typical nuts, bolts, and cap screws.

(Republic Steel Corp.)

shapes, such as round head, counter
sunk or flat head, fillister head, etc.

Various methods have been used to

turn these screws, such as the regular
flat blade screw driver, the alien hex
drive, the Phillips cross type screw
driver, etc. See Figure 2-50.

These machine screws come in var-
ious diameters, eight in the number

/nr-s DQ

C2D

2-50. Typical machine screw heads or driving devices.

I. Round head; 2. Countersunk head; 3. Fillister head;
4. Phillips head; 5: Allen head.

sizes, three in the fraction sizes. Each
size may have either fine or coarse

2
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Figure 2-52. The taps are accurately

made with clearance pockets provided

for chips; the threads are made with

small clearance to provide good cutting.

There are separate taps for each
size or diameter threadL an* also for

each kind of thread such as National

Fine (NF), National Coarse (NC), or

National pipe (NP). Also three types of

taps are obtainable for each size. They

the hole is undersize, the tap must cut
too much metal and will probably break.

D/A
+TAP.
Tot

. THA£AV
Vi-BIA

2-53. Tapping. A. Correctly formed threads; B. Tap
drill too large; C. Tap drill too small; D. Threads are not

fully formed. The drill removed too much metal; E. The
•rtra metal to be removed may be the cause of a

broken tap.

are the taper tap, the plug tap, and the

bottoming tap. The most common tap is

the plug type.

The shank of the tap is grounded to

square shape at the end, and a tap

wrench is used to turn the tap. Power
tools can also turn taps, but a special
tap driving accessory must be used.

Because tapping is basically a cut-
ting operation, all the general rules for

cutting metals apply to tapping. Most
taps have four cutting edges for each
thread. These cutting edges must be
sharp. They must have a ground cutting

face, and they must have cutting clear-
ance. A coolant and lubricant must be
used for tapping most metals.

It is particularly important that the

hole being tapped be the correct size,

Figure 2-53. If the hole is oversized,
the threads will not be full size; and if

Tap
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the tapped hole goes all the way through.

Plug taps are used to do most of the

cutting in blind holes, while bottoming

taps are used to cut full thread to the

bottom of a blind drilled hole.

2-48. DIES

Dies are used to cut threads on

round stock. They make the external

threads that match the threads cut by

a tap. Because the tap is non-adjustable,

the dies are usually made adjustable to

permit careful fitting the threads to-

gether. The dies are turned by a die

stock which is a special tool to hold the

die and turn it, Figure 2-55.

There are dies for each type of

thread and each size. Because they are

cutting tools just like taps, they too,

must be made of tool steel; and they

must be carefully shaped to cut the

threads correctly.

To cut threads straight on a piece

of round stock, special precautions

should be taken to start the thread

help cut straight threads, Figure 2-56.

The size of round stock must be

accurate. Oversized stock (even if it is

only a few thousands of an inch) might

break the die. If the stock is under-

size, the threads will not be full.

Always use a 1/4 to 1/2 turn and

then reverse the turning of the die

&&**

2-56. A threading die with guide.

(Greenfield Tap and Die Corp.)

2-55. An adjustable die and die installed in a die stock.

(Greenfield Tap and Die Corp.)

correctly. Guides are available that

mount in the die stock and closely fit

the round stock being threaded. They

stock when cutting threads both with

the tap and the die.

Always adjust the die to full open

position. First cut the threads and then

adjust the die to cut deeper until the

thread just matches the tapped thread.

Taps and dies may also be used tc

clean threads that are corroded oi

damaged.

tnntmmnti>

2-57. A pipe thread tap.

(Greenfield Tap and Die Corp.)
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2-49. TAP DRILL SIZES

Before tapping threads in some
metal, a correct size hole must be

formed in the metal. The most common
method is to drill the" hole* The drill

must be very carefully chosen. If the

drill is too large, the threads will not

be full size. If the drill is too small.

2-58. A pipe wrench.

(Snap-On Tools Corp.)

the tap will be injured as it attempts to

cut too much metal. The tap drill should

be just a little larger in diameter than

the root diameter of the threads for

which it is drilling the hole. Generally

speaking, threads 7 5 per cent of full

size are considered satisfactory. Al-

ways refer to tap-drill size tables for

the correct sized drill.

2-50. PIPE FITTINGS AND SIZES

Air conditioning and refrigeration

installations use pipe fittings and pipe

threads extensively. Pipe threads (NP)

are specially formed V- threads made
on a conical spiral that permits the

threads to bind against each other when
about five (5) threads are threaded into

each other, Figure 2-57. If the threads

were not tapered, a gasket or a mach-
ined shoulder would be necessary to

provide a leak proof joint.

Besides being tapered (or in a

conical spiral), pipe threads are dif-

ferent from NF and NC threads in size.

NF and NC sizes are based on the

maximum diameter or outside di-

ameter, whereas pipe thread sizes are

based on flow diameter, or the diameter
of the hole in the pipe (inside diameter

or ID). For example, a 1/4 pipe has
close to a 1/4 hole; and when the pipe

has a 1/8 in. wall thickness, the O.D.
of the pipe will be 1/2 in. (1/8 plus 1/4
hole plus 1/8). The external threads
are cut on the pipe with a pipe die which
is turned by a standard die stock, a

ratchet die stock or power driven die

stock. The pipe thread taps (for cutting

the female or internal threads) are
turned with a tap wrench.

Pipe fittings are made with the

threads already tapped. The most com-
mon fittings are the coupling, the re-

ducing coupling, the union, the nipple,

the 90 elbow, the reducing elbow, the

45 elbow and the street ell.

The threads are made self sealing

by the pressing of the sharp V- threads

together as they are threaded, Figure
2-58. Various compounds are available

to help seal these threads: white lead,

red lead, litharge- glycerine mixtures,

etc.

A cutting compound should be used
when cutting pipe threads. The taps and

dies must be kept in excellent condi-

tion.

2-59. An assortment of hand

(Snap-On Tools Corp.)

tools.
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2-51. REVIEW QUESTIONS

1. List the fittings to be used when
connecting a compound gauge

with 1/8 in. pipe male thread to

a service valve having 1/4 in.

pipe female thread.

2. When cutting tubing with a hack-

saw, what two precautions must
be taken?

3. What are the S. A. E. thread speci-

fications of 1/4, 3/8 and 1/2 in.

tube flare nuts?

4. What is the thickness of refrig-

eration tubing? What is the inside

diameter of 1/4 in. tubing?

5. What causes copper tubing to

harden?

6. Why do some service men file

the end of copper tubing?

7. How may an external bending

spring be easily removed from
the tubing after bending?

8. Is it sufficient to clean metal for

soldering with flux? Why?
9. When soldering, how hot must the

metal being soldered be?
0. Why must a soldered joint be

cleaned after soldering?

1. How may one tell when the cor-

rect silver brazing temperature
is reached?

2. What is the preferred type

wrench to use?
3

.

Should one push or pull a wrench ?

4. How may a 45 degree flare sur-

face be repaired?

5. Describe an easy way to check the

accuracy of a thermometer.
6. What is the purpose of a com-

pound gauge?

7. Why must refrigerant oil be

practically wax free?

8. What is a very important pre-

caution one must taken when
filling cylinders?

9. What is a double cut file?

20. Name the tools in Figure 2-59.

2-52. TUBE CONSTRICTOR

There are many cases where a ser-

viceman needs to make a soldered or

brazed joint between two tubes, one

tube which fits rather loosely inside

the other. Good practice demands that

the tubes be as close as .003 in. to

FILL
WITH

SOLDER

2-60. A combination tube cutter and constrictor. This

tool cuts tubing and also enables an oversize tube to

be constricted until it very closely fits the inner tube.

This process enables quiet and high quality soldered

or silver brazed joints.

(Imperial Brass Mfg. Co.)

each other. Fig. 2-60 shows a special

tool used to constrict the outer tube

until it fits the O.D. of the inner tube.

Using this tool the serviceman can

easily solder or braze the joint without

danger of flux getting into the system
or leaks.
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Chapter 3

COMPRESSION SYSTEM

3-1. LAWS OF REFRIGERATION

All refrigerating mechanisms are

designed and built around several basic

thermal laws:

1. Fluids absorb heat while chang-
ing from a liquid state to a

gaseous state and give up heat in

changing from a gas to a liquid.

2. The temperature at which a

change of state occurs is con-
stant during the change, but this

temperature will vary directly

with the pressure.

3. Heat will flow only from a body
at a certain temperature to a

body at a lower temperature.
4. In selecting metallic parts of the

cooling and condensing units,

metals are selected which have
a high heat conductivity.

5. Heat energy and other forms of

energy are mutually convertible.

3-2. THE COMPRESSION CYCLE

All compression systems of re-

frigeration operate on a refrigerant

sealed in an air-tight and leak-proof

mechanism. This means that in working
they repeat over and over the freezing
and cooling operations. The process of

repetition of a similar order of things
is called a cycle. Therefore, all our
refrigerators operate on what is called
a cycle, meaning a course of events
which repeat in the same order.

In mechanical refrigeration two dif-

ferent cycles have been developed. One

cycle uses a mechanical compressor to

compress the gases. The other type is

called the absorption type and works on
the principle of temperature and pres-
sure changes resulting from heat appli-

cations. The operation of this system
is explained in Chapter 13.

The compression cycle is called by
that name because it is the compressor
which enables a transfer of heat energy.

It is by means of the compressor that

the refrigerant is able to absorb heat

in one place and release it in another.

The compressor is that part of the

mechanism used to put the heat-laden

refrigerant in such a condition that it

may dissipate the heat energy it ab-

sorbed when it was evaporating at low

pressure. Because the compression
machine essentially transfers heat

from one place to another it may also

be called a heat engine or a heat pump.

The fundamental cycle for a re-

frigerating apparatus consists princi-

pally of a high pressure side and a low
pressure side. Figure 3-1.

The operation of the apparatus is to

transfer heat from a certain place to

another place, i. e., from the inside of a

refrigerator to the outside air, and
from the water of a water cooler to the

outside air. It may be compared to a

sponge picking up water in one place
and releasing it in another by pressing
it. To have a transfer of heat there
must be a temperature difference and
to get the temperature differences

there must be a high pressure side
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(dissipators) and a low pressure side are necessary in a refrigeration cycle:

(absorbers).

3-3. THE OPERATION OF THE
COMPRESSION CYCLE

High

(Compressor--driven by a

(
motor

(Condenser—heat dissipator

(

Basically (Figure 3-2), the liquid

evaporates in the cooling unit (1) under

a low pressure. The pressure will vary

in popular refrigerators between 29

inches of vacuum and 13 pounds of

pressure depending on the refrigerant

used and the low temperature required.

This allows the evaporation (absorbing

^\

^ a >>>>>> > > " r\

sp >>>>>>>> a >rJ

CHILLING UNIT

3-1. A compression cycle showing the two pressure

conditions.

of latent heat) to take place at a low

temperature, because, as the pressure

decreases, the boiling or evaporating

temperature also falls. This heat-laden

gas then passes through the suction line

(2) to the compressor (3) which com-
presses and discharges it into the

condenser (4) where it cools and gives

up its latent heat of evaporation under

a high pressure. Then it converts to a

liquid and collects in the liquid receiver

tank. The liquid line (5) carries the

liquid refrigerant to a restriction where
the pressure is reduced. The refriger-

ant then enters the coolingunit where it

evaporates and absorbs heat (1) and the

suction line (2) carries the gas back to

the condensing unit. The following parts
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3-3. The behavior of the refrigerant as it changes from a gas to a liquid in a condenser. A. The condition in the

condenser as the compressor starts. B. The condition in the condenser after a few minutes of operation of the

compressor. C. The condition in the condenser after a state of equilibrium has been reached. The gas is con-

densing to a liquid at the same rate that it is being pumped into the condenser by the compressor.

Low (Cooling unit-heat absorber

(

Pressure (Motor control- cycling con-

trol

(

Side (Suction line--gas refriger-

(
ant carrier

The refrigerant control and motorcon-
trol are used to obtain automatic oper-
ation.

3-4. A TYPICAL COMPRESSION
CYCLE

The cycle operates as follows: The
vapors are compressed in the com-
pressor and passed to the condenser.
During compression the pressure in-
creases (due to Boyle's Law), Para-
graph 1-17, and the temperature in-
creases (explained by Charles' Law),
Paragraph 1-26, until the gas tempera-
ture is greater than the temperature
of the condenser cooling medium
(usually air). Heat will now flow from
the condenser to the cooling medium.

allowing the gaseous refrigerant to

return to the liquid state.

Because pressure is the sum of the

molecules bombarding, and because
temperature is the speed of molecular

motion, it is necessary to speed up the

molecules to raise their temperature to

a level where they can give up their heat
to surrounding cooling surfaces (air

or water).

When the compressor first starts, it

moves molecules from the low pressure
side to the high pressure side without

much difficulty and the molecules are
not increased very much in speed.

Figure 3-3. These molecules are moved
into the condenser through opening 3. in

A and the temperatures are the same
(70 degrees F) inside and out.

As the compressor continues to run,

more and more gas molecules are mov-
ed into the condenser 1. With each suc-
cessive stroke, the pressure increases
as there are more molecules hitting the

sides of the container. The compressor
piston pushing the molecules against the

higher pressure hits the gas molecules
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harder raising their speed (tempera-

ture).

The pressure and temperature con-

tinues to rise until the molecules are
now traveling at such a high speed that

their temperature is higher than the

surrounding (ambient temperature).

This higher level of temperature causes
a flow of heat to the surrounding metal
and air. Heat is now being removed
from the gaseous refrigerant and this

process continues until all of the gas

molecules are compressed together and

until enough heat is removed to cause
some of the gas molecules to become
liquid molecules.

(B) The temperature and pressure
will continue to rise until a condition is

reached whereby as many gas mole-
cules are condensing into a liquid as
the compressor can pump into the con-
denser.

(C) This is a state of balance.

However, if anything should change
this balance the condensing pressure
and temperature will adjust according-
ly. For example, if the room were to

get warmer, the heat, pressure and
temperature will rise until again just

as many gas molecules are condensing
as are being pumped into the condenser.

After condensing (liquefying) the

liquid refrigerant is stored in the liquid

receiver until needed. From the liquid

receiver it passes through the high
pressure liquid line to the expansion
valve (dry system), to the float needle
valve (flooded system), or to the capil-

lary tube refrigerant control, where the

pressure is reduced to a pressure at

which the liquid will evaporate at a

temperature of 5 F. to 10 F. In evapor-
ating the liquid in the cooling unit,

considerable heat is absorbed and re-
frigeration furnished. After expansion
and evaporation in the evaporator or
cooling unit, the gas travels back to the

low side of the compressor through the

suction line. It passes through the in-

3-4. The principle of operation of the reciprocating

compressor. A. cylinder; B. piston; C. intake port; D.

exhaust port.

take valve of the compressor into the

cylinder. Here it is compressed and

discharged through the exhaust valve

into the high pressure side where the

heat absorbed in the cooling unit is re-

leased. This release of heat causes

the refrigerant to recondense and it is

then stored in readiness for a repeti-

tion of the cycle just described.

3-5. TYPES OF COMPRESSORS

There are several different kinds of

compressors:
The piston-cylinder type (Recipro-

cating).

The rotating pump type.

The centrifugal type.

3-6. RECIPROCATING
COMPRESSOR

The reciprocating compressor has

long been used to pump gases of all
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3-5. A modern reciprocating compressor.

(Tecumseh Products Co.)

types. It is easy to construct, easy to

service and has excellent wearing qual-

ities. Even though its parts can be fitted

with practical tolerance, it has a high

pumping efficiency.

The compressor basically consists

of a cylinder with a piston fitting close-

ly inside. When the piston (B) moves

downward. Figure 3-4, a vacuum is

produced in the chamber formed and
any gas pressure at (C) will rush into

the chamber and then when the piston
(B) moves upward the gas will be
pressed closer together and when its

pressure is greater than the pressure
at (D) the gas will flow out this open-

ing. Flapper or reed valves prevent

the gas from backing up.

The reciprocating or piston type

compressor is the most common type

in use. Referring to Figure 3-5, it may
be seen that this compressor consists

of a cylinder, crank shaft, piston, con-

necting rod, cylinder head, intake and

exhaust valves, servicing valves, fly-

wheel, crankshaft seal, gaskets, and
oil. It is a very efficient type of com-
pressor. Its construction resembles in

many ways that of the automobile en-

gine. The cylinders and cylinder heads

are made of a fine grade of cast iron

or cast steel and the piston is made
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of a similar material. The connecting

rods and crank shaft are usually drop

forged steel, although some of them

are made of cast iron. Bronze con-

necting rods have been used.

There are several types of crank-

shafts in use. The most common one is

the crank throw type, Figure 3-6. These

crank shafts are usually made of steel

balance neutralizes the unbalance of

the crankshaft.

In some compressors, the crank-

shaft and connecting rod is replaced

with a scotch yoke mechanism. In this

mechanism the piston is not fitted with

an articulating connecting rod, but

rather this piston extends to the crank-

shaft and is connected to it by means
of a sliding member which attaches to

both the piston and the crankshaft, Fig-

ure 3-8. This mechanism is used on

several of the small high speed direct

drive hermetic compressors.

3-6. Crank throw-type crankshaft.

and are case hardened. Some of the

compressors use the eccentric type of

crank shaft, in which case the eccentrics

are made of cast iron as are also the

connecting rods, Figure 3-7. An ec-

centric type crankshaft is permissible

in a refrigerating compressor because

of the low bearing loads encountered.

This eccentric construction reduces the

vibration of the compressor when run-

ning, inasmuch as the eccentric is a

fc=3i

3-7. An eccentric-type crankshaft.

more balanced type of construction than

the crank throw type of crankshaft.

These eccentrics are usually made of

cast iron and are fastened to the steel

crankshaft proper by means of a locking

screw. Basically, an eccentric consists

of a cast iron disk placed off-center on

the crankshaft. Many flywheels are

given an unbalance and are so placed

on the crankshaft that the flywheel un-

3-8. A scotch yoke mechanism. The crank pin is in-

serted into one member in the lower end of the piston

which slides back and forth as the crank revolves and

transfers the rotary motion of the crank into reciprocat-

ing motion of the piston.

Where the crankshaft comes through

the crankcase to connect to the fly-

wheel, a leak-proof joint or seal must
be maintained. This seal must hold

under all pressure conditions, and must
withstand these pressures whether the

crankshaft is stationary or revolving.

The seal consists essentially of a

bellows and revolving sealing surface.

The bellows consists of a corrugated

thin brass tube soldered to a ring of

bronze and graphite at one end and to

a flange at the other. The flange is

fastened to the crankcase with a gasket

between the two, while a spring presses

the ring mounted on the other end of the

bellows against a shoulder on the crank-

shaft. The two surfaces are perfectly

smooth and under the 35-45 pound

spring pressure, if lubricated with a

little compressor oil, will stand most
of the pressures encountered in a
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normal system. This seal is called the

stationary bellows seal. Seals of this

kind have been known to stay in service

many years and still give good service.

Figure 3-9. Another seal construction

attaches the gasket and- bellows to the

crankshaft. As the cranksfraft revolves,

the ring on the bellows will rub against

a flat, smooth disk mounted on the

crankcase.

The compressor valves are usually

made of thin steel disks. These disks

3-9. A crankshaft seal.

seat against shoulders constructed into

the valve plate. Some designs use

springs to keep the valve in place,

while others use the pressure dif-

ferences and the weight of the disk to

do this. Figure 3-10.

The flywheels are usually made of

cast iron with a grooved periphery to

fit a V-belt and are often fastened to the

crankshaft by means of a tapered shaft,

a Woodruff key, and a lock nut. Some
flywheels are fabricated from stamped
steel parts with the spokes formed into

fan blades.

Because the temperatures in a re-

frigerating unit rarely exceed 175 F.,

very small clearances may be used

between all the moving parts of the unit.

Clearances of .0001 in. are very com-
mon. This clearance is so little that

some manufacturers do not find it

necessary to use piston rings on their

pistons, as this clearance will not allow

the pressures to force much gas past

the piston. The purpose of the piston

is to compress the gas admitted into

the cylinder chamber into the high

pressure side. The piston is designed

to come as close as possible to the

cylinder head without touching it in

order to press practically all the gas

into the high pressure side. This clear-

ance between the piston and the cylinder

head when the piston is at upper dead

center is approximately .010 in. to

.020 in. The maximum lift allowed the

valves without permitting them to be-

come noisy is approximately .010 in. for

both the intake and exhaust valves.

The parts are usually bolted to-

gether and sealed by means of either

paper or lead gaskets. The special

paper gaskets must be dehydrated

(completely freed from moisture) be-

fore use in connection with most re-

frigerants and must be rubber free.

The oil used varies with the refriger-

ants but dehydrated mineral oil is very

good for practically all of them.

3-10. Some typical compressor valve designs.

3-7. ROTARY COMPRESSOR

Another very popular type of com-
pressor is the rotary type. This has

some distinct advantages as far as

vibration and moving parts are con-
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joint pressure tight. The gas cannot

back up because of the rotating blade

following it. Note that this compressor

uses no eccentric, but that the housing

is mounted off-center enough to allow

the rotor almost to rub against the

housing at a point between the intake

and exhaust ports.

Rotary compressors occasionally

use check valves to prevent the high

pressure gas from slowly flowing back

into the cooling coil.

3-8. CENTRIFUGAL COMPRESSOR

The centrifugal type compressor is

used extensively in large air condi-

tioning installations. This compressor
operates on the principle of increasing

the pressure by rapidly revolving cir-

cular impellers connected in multiple

stages. Several of these impellers are

mounted in series in one housing and

are usually directly driven by a motor
or steam turbine, Figure 3-1 3. Re-
frigerants used with this type of com-
pressor possess the ability to function

with a low pressure difference between

the high pressure and low pressure

sides. Refrigerants such as water,

methyl formate, Freon F-ll, etc., are

frequently used in this type of installa-

tion.

3-9. MISCELLANEOUS TYPES OF
COMPRESSORS

Several ingenious types of refrig-

eration compressors have been design-

ed and used. The gear compressor is

one type that was tried but found to be

impractical due to the extremely fine

tolerances needed to maintain pumping
efficiency. This compressor uses two

spin gears, one is driven and it is in

mesh with the other. As the gears

revolve the gas is carried around the

periphery of the gears and then when
the gears mesh the gas is forced out of

the space between the teeth and out the

exhaust.

Another type compressor which has

not been successful to date because

materials have not been found that are

durable enough, is the diaphragm type

compressor. A crank or a cam pushes

a diaphragm, and as it closes in the

space gas is forced into the condenser.

When the diaphragm is moved out, the

space is filled with low pressure gas.

CYLINDER FULL OF 6AS
AT START OF COMPRESSION.

FI*.-«.

COMPRESSION STARTED AND
BEGINNING OF SECTION STROKE.

DISCHARGE AND SUCTION
STROKES HALF COMPLETED

OISCHAR6E VALVE OPEN
ON COMPRESSION STROKE.

DISCHARGE AND SUCTION
STROKES COMPLETED

3-12. A stationary blade type rotary compressor.

(Norge Sales Corp.)

3-10. THE CONDENSER

The condenser is usually made of

copper or steel tubing upon which
fins have been fixed to assist the
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ELIMINATORS AND
DISTRIBUTION SHEET

3-13. A centrifugal compressor used in large air conditioning installations.

(Carrier Corp.)

rapid radiation of heat, or it may be

water-cooled. For domestic use it is

usually air-cooled by forcing air over

the fins by means of a fan attached to

the electric motor, Figure 3-14.

There are several types of con-

densers in use. The smaller refrigera-

tors use what is called a static con-

s' 14. Two typical air-cooled condensers. A. The flat coil

type; B. The spiral type.

3-15. A static condenser (plate).

(Houdaile Hershey Co.)
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denser. This type consists of two plates

of metal with refrigerant passages

stamped in them or of tubing with or

without fins. The condensers are cooled

by air passing over the surfaces by

natural convection, Figtfre 3-V5. Afirm
shroud is usually placed" around the

condenser to improve the air flow

(chimney effect). As the unit size in-

creases, the static condenser becomes
too bulky and cumbersome. A forced

convection condenser is then used. This

condenser uses a fan, a fan motor,

finned tubing, and a shroud around the

TO CM/LUNG UNIT

i-FROM tONDEN5£R~

A

3-16. Liquid receivers. A. The vertical type;

horizontal type.

B. The

fan and the condenser to improve the

air circulation. Although many of the

condensers are made of copper, both

steel and aluminum tubing have been
successfully used. Fins attached to the

tubes increase their surface and assist

in cooling the condenser. Lint and dust

must be removed from condensers
regularly or it will interfere with pro-
per cooling.

3-11. THE LIQUID RECEIVER

The liquid receiver is a storage tank

installed for servicing purposes and
also for taking care of variations in the

amount of liquid refrigerant in some
systems. Figure 3-16. An excess of

refrigerant is always stored in the

liquid receiver, and when the mechan-
ism is taken apart the service man

usually stores all the refrigerant in the

liquid receiver.

These liquid receivers are most
commonly made of drawn steel shells

welded together. Occasionally one will

find a liquid receiver made of a cast

material or built into the condenser;

that is, the bottom tubes of the con-

denser form the liquid receiver. Prac-

tically all liquid receivers are fur-

nished with service valves by means of

which the opening to the liquid line is

controlled. A screen of fine copper

mesh is usually found in the outlets of

these liquid receivers in order to stop

any particles of foreign substances

from entering the refrigerant control

valves.

Liquid receivers are found on prac-
tically all systems that use the float

controls and the expansion valves.

Capillary tube systems, because all the

liquid refrigerant is stored in the cool-

ing unit during the off part of the cycle,

do not use a liquid receiver. The
greater use of hermetic systems and

capillary tube refrigerant controls has

eliminated much of the need for liquid

receivers in domestic, systems.

3-12.

3-17. An expansion valve.

(Detroit Controls Corp.)

EVAPORATOR OR COOLING
UNIT

The liquid is now led through the

liquid line (high pressure) to the cool-
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ing unit where it is reduced to a low

evaporating pressure by means of an

expansion valve (dry system) Figure
3-17, a float needle valve (flooded

system) Figure 3-18, or a capillary

tube. This low pressure results in a low

boiling or evaporating temperature for

the refrigerant with the result that it

evaporates and absorbs considerable

heat. This heat is obtained from inside

the box.

The evaporated refrigerant now
passes through the return or low pres-

sure tube (suction line), which is usually

larger than the liquid line or high

pressure tube, back to the inlet of the

compressor.
All of the connections, mechanical,

soldered, or brazed, must be very

3. Capillary tube.

4. Low side float.

5. High side float.

If an expansion valve is used, the

cooling unit consists of a coil of tubing.

The thermostatic expansion valve is

popular in commercial refrigeration as

it can be used in multiple systems, it

is adjustable and it takes up yery little

space.

When a low side float control is

used, the cooling unit consists of a tank

out of which run very short lengths of

tubing. The tank, of course, contains

the float mechanism as illustrated in

Figure 3-18. Note that the mechanism
holding the float, called a header, is

bolted to the cooling coil and also that

3-18. A low side float refrigerant control and cooling unit.

carefully made to eliminate any

possibility of a leak throughout the

entire system.

Cooling units have been made in

three different styles depending mainly

upon the type of refrigerant control

that is used in conjunction with them.

There are five principal types of re-

frigerant controls:

1. Automatic expansion valve.

2. Thermostatic expansion valve.

shut-off valves are usually used on

these float chambers.
If it is a high side float or capillary

refrigerant control, the cooling unit

may be either a cast tank or a series of

coils which will provide an evaporating

surface for the refrigerant.

Some of the older style cooling coils

used a fabricated sheet copper brine

tank in which the cooling unit tray

holders were constructed. The refrig-
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erant flowed through copper coils sub-

merged in the brine. The present

pendency is to fabricate these units out

of steel shells or aluminum welded

together. The steel units are finished

with porcelain on the^outeresurface.

Lead gaskets are usually used wher-
ever a joint needs to be sealed.

A recent development in cooling

coils has brought forward the shell

3-19. A shell type cooling coil.

(Houdaille-Hershey Co.)

type aluminum plate coil. This cooling

coil has the refrigerant passages form-
ed as part of the coil in its manu-
facture, Figure 3-19.

3-13. THE AUTOMATIC
EXPANSION VALVE

The dry system previously men-
tioned is that cycle where the refrig-

erant when passing from the liquid

line to the evaporator is controlled by
an expansion valve with a manual
adjustment. That is, as the pressure
decreases on the low side, the expan-
sion valve opens and more refrigerant

escapes into the evaporating coils

where it absorbs heat upon evaporating
on the low pressure side. The valve

maintains a constant pressure in the

cooling coil when the system is running.

This system operates independently of

the amount of refrigerant in the system.
Figure 3-20 shows an old type direct

expansion system cooling unit.

This type of dry system is slightly

more expensive and is used in installa-

tions where a saving of space is an
important factor.

The expansion valve is, therefore,

one of the division points between the

high and low pressure- sides of the

system. See Chapter 5 for a detailed
explanation of expansion valves.

3-20. An old type dry cooling unit using an automatic

expansion valve and brine tank.

(Kelvinator Div., American Motors Corp.)

3-14. THE THERMOSTATIC
EXPANSION VALVE

Many units, especially commercial

ones, are equipped with an improved

expansion valve called the thermostatic
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expansion valve. This valve has a

sensitive bulb located at the outlet of

the cooling unit. When this bulb is

cooled, the contraction of the fluid in it

causes the diaphragm or bellows that it

is connected to, to contract. Figure
3-21.

This diaphragm or bellows is con-

nected to the expansion valve needle and

ms$m=>

3-21. A thermostatic expansion valve.

(Detroit Controls Corp.)

will tend to close it. This addition of a

thermo-sensitive mechanism to the

valve enables the coil to fill more
quickly and permits more efficient

cooling. The thermostatic expansion

valve operates to keep the cooling coil

full of liquid refrigerant when the sys-

tem is running. See Chapter 5 for a

more detailed explanation of its func-

tion.

3-15. CAPILLARY TUBE OR
CHOKE TUBE

Another method of throttling the

high pressure liquid to a low evapora-

ting pressure is to use a long length of

small diameter tube. This tube reduces

the pressure due to the resistance to

flow of refrigerant through the length

of the small tubing. The tube is usually

about 1/8 in. in diameter outside. It has

a variety of inside diameters and is

placed between the liquid line and the

cooling coil. This inside diameter

varies, depending upon the refrigerant,

the capacity of the unit, and the length

B» 3K

3-22. A capillary tube refrigerant control.

(Wabash Corp.)

of the line. The Rice Company was the
(

originator of the capillary tube refrig-j

erant control and built a conventional,

refrigerator using the capillary tube.

An illustration of the capillary tube may
be found in Figure 3-22.

The capillary tube operates on the.

principle of restriction. It operates on

the pressure differences between the

high pressure side and the low pres-

sure side. A tube is chosen that will

allow just enough liquid through it to

make up for the amount that is vapor-

ized in the cooling unit as the com-
pressor operates. It thus reduces the

liquid refrigerant from its high pres-

sure to the evaporating pressure.

Actually there is no change to the liquid

except a slight drop in pressure for

about the first two-thirds of the length

of the capillary tube. Then the liquic

starts to change to gas and by the time

the refrigerant reaches the end of the

tube about 10 to 20 per cent of it has

turned to gas. The increased volume of

the gas causes most of the pressure

drop to occur in the latter end of the

tube. Because there is no shut-off

valve, the pressures tend to equalize

as the liquid refrigerant in the con-

denser moves into the cooling coil

during the off part of the cycle. This

equalizing of the pressure permits

easier starting of the compressor. It

also means that the system must not

have an overcharge of refrigerant as

the extra refrigerant would tend to fill

the cooling unit too full.
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3-16. LOW PRESSURE SIDE FLOAT
CONTROL (FLOODED)

Another type of refrigeration cycle

is the flooded system, which varies

Dnly from the dry system in-that the

evaporating coil is flooded with re-

frigerant and the amount of the re-

frigerant is controlled by a float valve.

[t functions as follows: As heat is

absorbed by the refrigerant in the cool-

ing unit, it evaporates and consequently

the liquid level falls, which naturally

causes a lowering of the float. As the

float lowers, it opens the needle valve

connected to it, which allows more liq-

iid to enter from the high pressure
liquid line taking the place of the

Bvaporated liquid. This makes a very

3-23. A low pressure side float.

simple unit with the one disadvantage

of needing more refrigerant than the

dry system. Figure 3-23 illustrates the

exterior appearance of a flooded cooling

unit, and the interior construction. The
motor control is operated the same is

in the direct expansion system type, but

uses either a temperature or pressure
control switch.

Take particular note of the lever

mechanism and the oil layer over the

refrigerant. This float control operates

by maintaining a constant level of liquid

refrigerant on the low pressure side.

3-17. HIGH PRESSURE SIDE FLOAT
CONTROL (FLOODED)

This system uses a float located in

the liquid receiver tank or in an
auxilliary chamber in the high pressure

side. It operates as follows: When
enough liquefied refrigerant has col-

lected in the float chamber, the float

will rise enough to open the needle valve

and admit the liquid into the low pres-

sure side or cooling unit. The float

3-24. A high side float refrigerant control. A. Con-
densed liquid inlet; B. Liquid outlet; C. Liquid level;

D. Float; E. Needle and orifice.

controls the level of liquid refrigerant

on the high pressure side. The amount
of refrigerant in the system must be
carefully regulated to allow the cooling

unit to have the correct amount of

refrigerant and to operate correctly.

See Figure 3-24. Any extra refrigerant

in the system will be stored in the

cooling coil and may over fill it. Any
leak of refrigerant will cause a lack of

refrigerant in the cooling coil. Chapter
5 describes in detail the high side

refrigerant control.

3-18. MOTORS

The driving mechanism or the

source of power for these refrigeration

units is usually an electric motor.
Small gasoline engines have also been
used for this purpose. These electric
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motors are of a very sturdy con-

struction and are designed to furnish

high starting power. To insure quiet-

ness, these motors are mounted on

rubber or springs, Figure 3-25.

The motors are made in two general

types. Open or conventional units use

an open motor using a pulley and a

belt to drive the compressor through a

flywheel. These motors are mounted on

a 1/2 or 5/8 in. diameter shaft. The
motors usually have bearings that need
oiling once or twice a year. They must
be carefully mounted to align the pulley

with the flywheel and to have the proper
belt tightness.

The other type (hermetic) motor
drives the compressor directly. These
motors are mounted under the same
sealing dome as the compressor and

are called hermetic motors. These

3-25. An electric motor. This is a rigid mount capaci-

tor motor. The capacitor is in the housing mounted on

top of the frame. The centrifugal switch is mounted in

the right end and is operated by the centrifugal weights

on the rotor.

(The Century Electric Mfg. Co.)

motors usually run at 17 50 R.P.M. and

are oiled by the same oil as the com-
pressor. Because arcing would deter-

iorate the oil and the refrigerant, these

motors do not use brushes or open

points inside the dome, Figure 3-26.

The position of open unit motors is

adjustable to facilitate belt adjustment
The size of these motors varies be-

tween 1/8 H.P. and 1/3 H.P. foi

domestic refrigeration, with the 1/J

H.P. and 1/6 H.P. motors predomina-
ting. Chapter 7 explains the construc-
tion of these motors in greater detail.

3-26. A hermetic electric motor stator and rotor. The

rotor is mounted directly on the compressor crankshaft.

(The Emerson Electric Mfg. Co.)

3-19. MOTOR CONTROLS

Practically all automatic electric :

J

refrigerators are "designed to have-

excess capacity and, therefore, under:

normal usage need not run all the time.

In the older styles of refrigerators, the

compressor would run approximately

one hour and then be idle about two
hours if the running temperature were
normal. Designers have gradually re-

duced this cycling time until at present,

the mechanism runs approximately five

to ten minutes and remains idle ten to

twenty minutes. The total running time

per day remains approximately the

same; and under normal running tem-
perature conditions, it is eight to ten

hours out of the twenty-four.

There are two principal types of

motor controls used to turn the motors
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on and off in order to obtain correct

refrigeration: Many older units used a

pressure type of motor control designed

to shut off the electrical power when the

low side pressure of the system, cor-

responding to the tempe/rature»desired,

indicated that the cabinet was cool

enough. It then turned the current on

when the pressure had risen to a pre-

determined pressure corresponding to

the allowable temperature rise in the

box. This pressure control was used

with the low side float systems or

multiple systems and was used fre-

quently in commercial systems.

The most popular type of motor

control is the thermostatic control

which turns the motor off when the

cooling unit gets sufficiently cool, and

turns it on again when the cooling coil

has warmed up 8-10 F., Figure 3-27.

The thermostatic control consists of

a bulb connected by a capillary tube to

a diaphragm or a bellows. This element

?is charged with a volatile fluid which

will build up pressure when the bulb

becomes warmer and will decrease in

pressure when the bulb gets cooler.

As the bulb pressure increases, the

diaphragm will move out and if the

diaphragm is connected to a toggle or

snap action switch, it will turn this

, switch on (close the circuit). Then as

the bulb cools and the diaphragm or

;

bellows moves in, the toggle switch

will snap open. These controls have

adjustments that permit variations in

operating temperatures. Many of these

controls have a manual switch to permit

shutting off or turning on the refrigera-

;
tor at will. Sometimes they also include

. an overload protector which will open

the switch if the unit draws too much
. electricity (current). An adjustable

. knob enables the owner to change the

. thermostat operating temperatures to

meet different operating conditions.

These thermostats are also connected

I

to timers and can be used to automati-

cally defrost the cooling coil.

The student should keep in mind the

fact that the pressure of the refriger-

ant in the system varies with the tem-
perature; therefore, temperature may
be indicated by pressure. This permits

the use of pressures to control tem-
peratures. See Chapter 5 for more
details on controls.

3-20. REFRIGERANT LINES

Copper tubing is commonly used to

carry the liquid refrigerant from the

condenser to the cooling unit and also to

carry the refrigerant gas from the

cooling unit to the compressor. Tubing

made of steel is often used in domestic

units. These lines are mounted in back

of the refrigerator cabinet or are

ON-OFF LEVER (M)

ROCKER LEVER (I)

-TOGGLE LEVER (H)

, MAIN LEVER (G)

DIFFERENTIAL
ADJUSTING
SCREW (K)

POWER ELEMENT (A)

MAIN SPRING (B)

3-27. A Temperature motor control

(Cutler-Hammer Inc.)

hidden behind the breaker strip at the

refrigerator door jam (frame). The
lines are connected by flare connec-

tions, or, are fasxened by soldering or

brazing. It is important that these lines

be kept from being pinched or from
being buckled. They must also be sup-

ported to prevent their wearing or

breaking from vibration.

3-21. SERVICE VALVES

All units have some means to enable

the service man to mount gauges on the

system or to check pressures and to put

in or take out refrigerant or oil. Some
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of the older units had as many as five

valves, although three valves are more
common. The more recent models use
one valve attachment only.

3-22. SUMMARY

There are many compression cycle

designs. There must be a compressor,
a means to drive this compressor, a

condenser, a refrigerant control, a

cooling unit, and a means to turn the

motor off and on automatically.

3-23. REVIEW QUESTIONS

The answers to these questions will

be found in Paragraph 3-24, page 722.

1. How many laws of refrigeration

are considered in refrigeration

work?

2. Name the eight important parts

found in all compression cycle

refrigerators.

3. Name the main parts commonly
located in the low pressure side.

4. Name the main parts commonly
located in the high pressure side.

5. Name four types of compressors.
6. What kind of condensing units do

not use a crankshaft seal?

7. Why does a gas rise in tem-
perature as it is being com-
pressed?

8. Why are check valves used in the

suction line on some rotary com-
pressors?

9. Why should condensers be clean-
ed occasionally?

10. What name is applied to the type
of cooling coil that uses an ex-
pansion valve?

11. What control determines the re-
frigerator cabinet temperature?

12. Name five types of refrigerant

controls.

13. What advantage does an eccentric

crankshaft have over a crank
throw type?

14. How much clearance is allowed"

between the piston and the cylin-

der on small compressors?
15. What is the size of the com-

pression chamber when the pis-

ton is at upper dead center?

16. How much lift is allowed the in-

take and exhaust valves ?

17. The low side float maintains a

constant on the

low side.

18. The automatic expansion valve

maintains a constant

on the low side when the unit is

running.

19. The high side float maintains a

constant .

20. What is the purpose of the crank-
shaft seal?

21. Another word for "evaporation"
of a liquid is .

22. Of what material are the re-,

frigerant lines made?
23. How does a capillary tube reduce

the pressure?
24. When does the condensing pres-

sure stop rising?

25. What basic conditions are neces-

sary to produce refrigeration?
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Chapter 4

, COMPRESSOR

CONSTRUCTION

The heart of the compressor system

is the pump or compressor. This pump
Is the device to raise the termperature

of the evaporated gas by compression

until its temperature is above the tem-
perature of the cooling medium sur-

rounding the condenser.

It is basically a gas pump and

differs from liquid pumps. It is similar

in many ways to an air compressor or

even a gasoline engine. It must move
quantities of gas at the least possible

cost. The following paragraphs des-

cribe the various compressors that are

the result of fifty or more years of

engineering development.

4-1. PURPOSE OF COMPRESSOR

A compressor is like a heat engine

operating in reverse. It is drawn by an

electric motor which supplies the

mechanical energy. It compresses the

gas molecules until they have reached a

sufficiently high temperature so heat

oegins to flow from these gases into the

cooling medium (air or water).

As the compressors continue to

operate the surplus rate of flow of

compressed gas from the low side to

the high side continues until a balance

is reached with the rate of condensation

of refrigerant on the high side and the

high side pressure remains quite con-
stant.

The compressor, a pump, must do

this pumping with a minimum of loss in

leakage or friction. The compressor

must be made durable enough to pump
efficiently for thousands of hours of

running.

4-2. TYPES OF COMPRESSORS

Many types of compressors have

been designed, built and used. How-
ever, there are three types success-

fully used at the present time. These

types are:

1. The reciprocating compressor
2. The rotary compressor
3. The centrifugal compressor
The reciprocating compressor is

the most common. Its simplicity of

manufacture, its durability and its ease

of maintenance make it a very popular

choice for a refrigerator pump. The

rotary compressor is more compact

and can be used with fair efficiency at

high speeds, but very close manu-
facturing tolerances are required.

However, millions of these rotary com-
pressors have been built, and they have

performed very well. The centrifugal

compressor is only used at present in

very large sizes.

4-3. COMPRESSOR EFFICIENCY

All of the mechanical energy put

into a compressor should be used to

move or pump gas. If any of the pumped
gas backs through into the compressor
on its return or suction stroke, energy

is wasted. Likewise, if energy is used

83



MODERN REFRIGERATION, AIR CONDITIONING

to overcome friction or inertia of the

parts, the compressor cannot be 100%

efficient. All compressors have fric-

tional losses. If the compressor is run

with the inlet valves closed so the

compressor does not pump any gas,

the power needed to turn the com-
pressor is power needed to overcome
friction only. All compressors have

frictional losses. The volumetric ef-

ficiency of a compressor is the actual

volume of gas pumped divided by the

calculated volume. It should pump 100%
efficiency. If the compressor should

pump 10 cu. in. of gas on each revolu-

tion or stroke (this is called the piston

displacement) but it only pumps 6 cu.

in., then the volumetric efficiency of the

pump is 60% (6/10).

The volumetric efficiency must be

as high as possible. Several factors

affect the volumetric efficiency. First,

if the head pressure or the pressure
the compressor must pump against,

increases, the amount pumped per
stroke will decrease. Second, if the low

side pressure decreases, it is harder
for the gases to fill the cylinder, and

the amount pumped per stroke will

decrease. Third, if the clearance pocket

is enlarged, the amount pumped per
stroke will decrease. The clearance

pocket is the space left in the cylinder

when the roller or piston is at the end

of its pumping stroke, Figure 4-1.

4-4. RECIPROCATING COMPRESSORS

the cylinder, a void is created (or 1

partial vacuum). A new charge of gaai

rushes into this space, and it in turn is

,

compressed and moved into the con-

denser. Because the original source ol'

pumping energy is usually an electric 1

motor which has rotary motion only, s

mechanism must be made to change the

rotary motion to reciprocating motion;

This change is usually accomplished by

means of a crank and a rod connecting

4-1. The clearance space -formed between the head o

the piston and the cylinder head. A. indicates the cleai

ance space. Note the valve plate which holds the intak

and exhaust valve.

The piston-cylinder type of com-
pressor is known as the reciprocating

compressor. To reciprocate means to

move to and fro, or back and forth in a

straight line. The original compressors
were of the reciprocating type. To com-
press the charge of gas in a recipro-

cating-type compressor, a plunger or

piston is moved into a hollow cylinder

or cylinders and the gas is compressed
and moved through any opening pro-

vided. Then as the piston moves out of

the crank to the piston. The complete

mechanism is housed in a leak-prooi

container called a crank case.

There are many types of recipro-

cating compressors. The most common
classification is by the number of

cylinders. Most refrigeration com-
pressors are of the single or one

cylinder type, but some two cylinder

models are in use. They run more
smoothly and are more compact. These

compressors have also been made in
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three, four, five, six, seven cylinder

I

models and even more.

The cylinder arrangement is

another method of classifying com-

pressors: vertical single, horizontal

.single, 45 degree single (inclined),
'

verticle two cylinder, 'V- type two

cylinder. W- type three cylinder, radial

three cylinder, vertical four cylinder,

I V- type four cylinder, etc., have all

been manufactured and used.

4-5. CYLINDER CONSTRUCTION

Cylinders of the compressors are

usually made of cast iron. The cast

iron must be dense enough to prevent

the seepage of refrigerant through it.

!

A small amount of nickel is usually

added to produce the required density.

The castings must be thoroughly aged

before machining to prevent any war-

page after the finishing operations. The

smaller compressors usually have fins

cast integral with the cylinders to pro-

vide better cooling. The larger com-
pressors have water jackets surround-

ing the cylinders for cooling. Some
compressors are built with a cylinder

liner which may be replaced after it has

worn.

It is quite common to find part of the

crank case as a part of the same
t casting as the cylinder. This practice

!'.' minimizes the joints and therefore the

possibility of leaks. It also permits very

close alignment between the c rankshaft

main bearings and the cylinder.

The assembly devices that thread

y
into the cylinder usually have national

coarse threads due to their greater

j,
strength in cast iron.

The cylinder bore in which the pis-

]
ton travels must be made extemely

accurate. It is usually made by first

boring, and then it is finished by honing

and lapping. Some companies then lap

the piston and the cylinder together

to form a matched set. Some of the

smaller cylinders (1 in. in diameter,

approximately) have tolerances varying

between one ten thousandths (.0001) and

one hundred thousandths of an inch

(.00001).

4-6. PISTON CONSTRUCTION

The pistons are usually made of cast

iron. The pistons are accurately mach-

ined and ground on their outer surface

to fit the cylinders. The piston must

have drilled and reamed holes to fit the

piston pin or wrist pin. This pin is the

means used to fasten the connecting

rod to the piston.

The smaller pistons (1 1/2 or less)

have oil grooves around their peri-

phery (outside) of the piston while the

larger pistons have grooves machined

in them for piston rings.

Because the piston and cylinder

temperatures seldom exceed 200 F.,

all the parts can be fitted together

with very little clearance. Approxi-

mately .0002 in. should be allowed for

each inch diameter of the piston. How-

ever, the larger pistons which use

piston rings usually are fitted with a

little more than this clearance. It is

very important to rigidly follow the

manufacturer's specifications when one

inspects and repairs a compressor.

The piston rings are usually made of

cast iron although some bronze rings

have been used. The rings are fitted to

the groove as closely as possible and

still allow movement. A 45 degree

tapered or angled ring gap is used to

permit the ring to exert a pressure

against the cylinder wall. This gap

should be approximately .001 for each

inch of diameter of the piston.

The piston pins are made of harden-

ed high carbon steel. They are hollow

to reduce weight and are accurately

ground to be perfectly straight. They

are usually the full floating type, which

means that the piston pin is free to

turn in either the connecting rod bushing

or the piston boss bushings. Some
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pistons have the intake valve mounted
in the top of the piston. This valve

construction enables the piston move-
ment to help open and close the valve,

but it makes a more costly repair if

the valve assembly needs overhaul.

ing rod is fastened rigidly to a large

piston pin by means of a locking pin

and spring. The dismantled unit is

shown in Figure 4-3.

4-8. CRANKSHAFT CONSTRUCTION

4-2. The assembled piston, piston pin, lock pin and the

connecting rod. Note that two cap screws instead of two
bolts are used at the crank end of the connecting rod.

(General Electric Co.)

4-7. CONNECTING ROD
CONSTRUCTION

The connecting rod is used to fasten

the piston to the crankshaft. The rod is

occasionally made of drop forged steel

and sometimes of cast iron. The type

that is used with the crank throw type

crankshaft has a split lower end that

clamps around the crankshaft journal.

This bearing must be fit to a clearance

of approximately .001 inch; it is there-

fore important that the belts be care-
fully tightened (torqued).

The eccentric type connecting rod

uses its own cast iron as the bearing
surface. It is a solid ring and must be

mounted on the eccentric before the

crankshaft proper is assembled to the

eccentric.

A small piston and connecting rod

assembly is shown in Figure 4-2. This
is used in a hermetic unit. Theconnect-

The crank is a rotating lever. It

can be used to produce torque on a

shaft, or it can be used to change

rotary motion to reciprocating motion

when used together with a connecting

rod, Figure 4-4. This type of crank-'

shaft is usually made of drop forged'

medium carbon steel or cast steel.

The main parts of the crankshaft arc

the main bearing journals (two orj

more), the connecting rod bearing jour-

1

nals, the end play bearing or device,

the crankshaft seal shaft or shoulder

and the flywheel holding device. The
wearing surfaces of the crankshaft are

usually case hardened. The bearings or

4-3. A connecting rod and piston. This assembly uses

a pin to lock the connecting rod to a large piston pin.

This design provides an extra large piston bearing area.

(General Electric Co.)

bushings that the crankshaft journal

turn in are usually made of soni

86

:



COMPRESSOR CONSTRUCTION

copper alloy (bronze) or lead alloy

(babbitt). The accurately ground case

hardened journals must fit together

with clearances of approximately .001

in. Many of the crankshaft journals

are also specially treated (Joibrite by

Parker is one) as a safety precaution

against bearing failure in case of a

temporary shortage of lubricant. It is

common practice to fasten the flywheel

to the crankshaft with a standard taper,

a Woodruff Key and a nut-lock washer
combination. One must be very cautious

when working on the crankshaft threads

that they do not become injured, as this

would necessitate replacing the com-
plete crankshaft.

4-4. A crank throw type crankshaft. Note that the

crankshaft rotates, the piston reciprocates, the piston

pin oscillates and reciprocates, the upper end of tne

connecting rod oscillates as it reciprocates while the

lower end of the connecting rod has a combination

reciprocating and rotating motion.

Another type of crankshaft is the

eccentric. Figure 4-5. The crankshaft

consists of a steel shaft on which is

mounted a cast iron eccentric (an off-

center mounted disc). This type shaft is

less expensive to manufacture; it pro-

vides a larger wearing surface for the

crankshaft; it is better balanced and is

therefore smoother running. The shaft

has the two main bearing journals, the

crankshaft seal device and the flywheel

mounting device. The eccentric is fast-

ened to the shaft by means of a key and

a set screw. See Figure 4-6.

4-9. VALVE CONSTRUCTION

The valve assembly consists of a

valve plate, an intake valve, an exhaust

valve, and the retainers for the valves.

Figure 4-7.

The valve plate is quite commonly
made of cast iron although the trend is

now toward using hardened steel valve

plates as they are thinner and have

'/////my
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4-5. An eccentric type crankshaft assembly.

ECCENTRIC
LOCK

SCREWS

SPACER
WASHERS

4-6. A popular type of compressor piston, connecting

rod and eccentric assembly.

(Tecumseh Products Co.)
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longer wearing valve seats. The valves

proper are usually made of spring

steel (reeds) accurately ground. The

intake valve is usually retained in place

by small pins and the clamping action

between the compressor head and valve

plate. The exhaust valve is also clamped

in the same manner, but some of them
may be held in place by small machine

4-7. A valve plate design. A. Intake valve. B. Exhaust

valve. Heavy springs on the exhaust valve cage allow

for possible oil pumping without damage.

screws with a spring and a cage. This
latter mechanism permits a wider
valve opening for those instances when
the compressor pumps oil.

The valve discs or reeds must be
perfectly flat, differences of only .0001
in. or .0002 in. will cause valves to

leak. There is no practical way to

repair the discs or reeds so they must
be replaced if leaking. The valve seat
can be repaired by first grinding the

plate on a surface grinder or on a sur-
face plate by hand, and then lapping the

plate with the finest lapping powder
obtainable.

Of the two valves, the intake valve
ordinarily gives the least trouble as it

is constantly lubricated by retained oil

in the refrigerant gases and it operates
at a relatively cool temperature. The
exhaust valve, however, must be fitted

with great care as it operates at high
temperatures and it must be leak proof
against a relatively high pressure dif-

ference. Because of the high gas ve-
locities and the high temperatures,

there is a tendency for the heavy ends

of the hydrecarbon oils to settle on the

valve and valve seat as carbon. Mois-

ture tends to accelerate the deposit.

~JB^~ ^ZZZZZf^

4-8. Crank shaft seal designs. I. Shows external spring

bellows type seal. 2. Shows a synthetic rubber (non-

bellows) type seal; 3. A replacement crankshaft seal

solder. A. Synthetic rubber washer; B. Hardened and
ground seal face; C. Soft metal seal ring soldered to

bellows; 4. Shows an internal spring bellows type seal.

The valves open approximately .010

in. If their movement is more than this

amount, a valve noise develops. If the

movement is too little, not enough gas

can enter the cylinder in case of the

intake valve or leave the cylinder in

case of the exhaust valve.

4-10 CRANKSHAFT SEAL
CONSTRUCTION

The type of refrigerating system

that uses an external motor to drive the

compressor must have a leakp roof joint
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at the place where the crankshaft comes
out of the crankcase. This joint re-

quires very clever designing as it is a

place where the shaft rotates part of

the time and is idle part of the time.

The joint must also be -Teakpnaof as the

pressures vary in the crankcase from a

vacuum to pressures as high as the

condensing pressure in the system.

The original seal was called a stuff-

ing box. It was a copy of the stuffing box

used on steam engines. A lead, graphite

impregnated rope was wound around the

shaft and moved into a cavity in the

crankcase; then a compression nut

pushed the packing both against the shaft

and the housing. Oil or grease lubricat-

!ed the joint. Wear on the shaft was
natural, and replacement of the crank-

shaft was a periodic operation.

The metallic seal was developed

about 1918. It has replaced the stuffing

box completely in refrigeration. There

are several types of metallic crank-

shaft seals. See Figure 4-8. The type

that uses the rubber seal rings was not

developed until an oil proof synthetic

rubber was developed in the late 1920's.

The contact surfaces (the rubbing

surfaces) are usually made with one

face hardened tool steel and the other

of some bearing metal such as bronze.

The surfaces must be as straight and

as smooth as it is possible to make
them. At present they are honed and

lapped. They are inspected optically to

flatness accuracies of nearly .000001

in. in tolerance.

For long satisfactory service, the

seal should be constantly lubricated.

The spring loading of the seal must
be carefully calculated. Too much
spring force will cause too rapid wear.

If the spring force is not enough,

excessive crankcase pressures may
force the seal ring from the shoulder
and cause at least a temporary leak.

The corrugated brass cylinder to

which the seal ring and the gasket

clamp ring are mounted is usually

called a bellows. The bellows must be

made of a non-crystallizing metal (non-

work hardening). Some companies have

used a double thickness bellows, while

others have used a small coil spring

wrapped around the main spring wire to

eliminate critical vibration periods in

the seal (chattering).

4-11. GASKETS

As the parts of the compressor are

assembled, all the joints that lead to the

external surface of the compressor
must be sealed. Gaskets are used for

this purpose. These gaskets must be

made of a material that will not react

chemically with the oils or refrigerants

used in the system. The material must
be compressible without being deform-
ed permanently. The material must not

change its size as the temperature

changes. It must have an expansion

rate close to the coefficient of expan-

sion of the compressor parts.

Gaskets made of cork, paper com-
position, asbestos, lead, rubber and

aluminum have been used. The paper

composition gasket is the most popular

with lead also being a popular material.

Aluminum cannot be used with certain

refrigerants as it decomposes. The

most important gasket is the one be-

tween the cylinder and the valve plate.

If this gasket is too thick, it will pro-

duce too large a clearance pocket and

the compressor will lose volumetric

efficiency; and if the gasket is too thin,

the piston will pound against the valve

plate. If the holes in the gasket where

the piston and cylinder contact the valve

plate are too large, an extra clearance

pocket will be formed.

It is always best to use gaskets

furnished by the manufacturers. It is

especially important that the replace-

ment gaskets be in perfect condition

when used on compressors that use

water jackets for cooling.
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Many gaskets fail because the sur-

faces they are clamped between are

scored, warped or bruised in some
manner. Be sure to check all surfaces

for trueness and damage. Recondition

the surfaces by filing, grinding or lap-

ping if damaged.

4-12. LUBRICATION

Compressors are lubricated either

by the splash system or by the pres-

sure (force feed) system.

In the splash system, thecrankcase
is filled with the correct oil up to the

bottom of the main bearings or to the

middle of the crankshaft main bearings.

In operation each time the crankshaft

revolves, the crankthrow or the eccen-

tric will dip into the oil and splash or

sling it around the inside of the com-
pressor. Oil gets thrown on the cylin-

der walls, up on the piston pin bushings

and into small cavities from where the

oil drains into the main bearings. This

is an excellent system for normal use

in small compressors. Some com-
pressor connecting rods have little dips

or scoops fastened to the lower ends

to aid in picking up the oil and slinging

it around to the other parts.

Generally speaking, the clearances

between the moving parts is lessinthis

type system. Mainly because, not being

under pressure, noisy bearings will

occur at smaller clearances than in the

pressure feed system.

The force feed system is a system
which uses a small oil pump to force

oil to the main bearings, the lower con-
necting rod bearings, and, in some
cases, the piston pins. This system is

more expensive due to the cost of the

pump and the cost of drilling the

crankshaft and connecting rod. How-
ever, the compressor is better pro-

tected at all times and it will run

more quietly even though there are

greater bearing clearances.

The pump is usually mounted on one

end of the crankshaft which will be fitted

with an eccentric in case a piston i

pump is used, a gear mounted in case a

gear oil pump is used, or a rotor

mounted in case a rotor pump is used.

Whenever an oil pump is used, an
overload relief valve must be built into

the pump to protect against excessive

oil pressures, Figure 4-9.

4-13. COMPRESSOR DRIVES

Compressors of the external drive

type may be driven at a reduced speed

or at motor speed. The larger com-

pressors are generally driven at a

reduced speed because they are more

efficient at the lower speed, and one

compressor can be used for several

different capacity applications by vary-

ing the speed. Bearing, valve, and

piston life are increased by using

reduced speeds. The reduced speed

drive also aids the motor and enables

it to start more easily because of the

lower starting torque required. The

reduction in speed can be produced by

using a belt drive, a gear drive or a

fluid coupling.

The belt drive is the most popular:

V- belts are used in single or multiple :

These V- belts have been improvec

until at the present time they an
approximately 98% efficient in powe:

transmission. The slight loss is due t(

the flexing of the belt as it bends

around the flywheel and motor pulley

A big advantage of the V- belt is that i'

will work efficiently over a large range

of tightness. However, the flywheel anc

pulley must be carefully aligned oi

excessive end loads will be put on the

motor bushings and the compressoi

bearings. Mis-alignment can be pro-

duced by either not having the shafts

parallel to each other, or by having the

motor pulley ahead or behind the fly-

wheel line.
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Compressor r.p.m. can be deter-

mined if one knows the motor speed,

the pulley size and the flywheel size.

Compressor r.p.m, - Motor r.p.m. x

Pulley diameter
flywheel diameter .^ k

. *

A more accurate result is obtained
by measuring the pulley diameter and
the flywheel diameter from the middle
of the V-belt to the middle of the belt

on the opposite side of the flywheel or
pulley.

""*
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motor windings to the casing. Another

method is to pass the returning gas

around the motor windings before it is

compressed by the compressor. This

relatively cool gas removes much of the

heat, but it has a tendency to warm the

returning gas enough to reduce the

volumetric efficiency of the compres-
sor somewhat, Figure 4-13.

A hermetic motor compressor that

revolves at 3600 r.p.m. is shown in

Figure 4-14. The two pole motor drives

a one-cylinder compressor by means of

a scotch yoke. This unit has an intake

valve in the piston. A pressure lubri-

cation system is used. The pan on the

left has an oil cooler "V" tube attach-

ed to it.

4-12. A bolted type hermetic compressor-motor as-

sembly.

(Copeland Refrigeration Corp.)

4-15. MUFFLERS

Most of the smaller hermetic units

have sound deadening devices on both

the intake and the exhaust openings of

the compressors. The mufflers eli-

minate the sharp gasping sound on the

intake stroke and the even sharper puff

of the exhaust gases. These mufflers

are small brazed cylinders with baffle

plates mounted inside and based on

4-13. A single cylinder hermetic compressor. The suc-

tion gas flows over the motor windings. At the right a

disk picks up the oil and carries it up to a reservoir. The
oil then feeds by gravity to the crankshaft.

(Crosley Div., Avco Corp.)

Bernoulli's Theorem, the increased

volume slows the velocity and reduces

the annoying pumping sound, Figure

4-15.

A complete assembly of both the

intake muffler and exhaust muffler is

shown in Figure 4-16. The outer holes

are the intake ports and the inner

half ring of holes are the exhaust holes.

4-16. COMPRESSOR COOLING

The compressors heat up from the

friction between the moving parts. They

also heat up because the almost perfect

adiabatic compression increases the

temperature of the gas which then loses

some of its heat to the compressor.

This heat must be removed to prevent

excessive loss of efficiency of the pump
and to reduce the decomposition of the

oil.

The oil that circulates in the com-
pressor is an excellent remover of

heat. It receives the heat from the

friction surfaces and carries this heat

to the outer surfaces of the unit.

Air is very commonly used to re-

move heat from the outer surface of the

compressor or the dome. To increase

this heat removal, many compressors
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4-14. An exploded view of a 3600 R.P.M. hermetic motor-compressor. The piston and crank are of the scotch

yoke design. The four terminals are needed because the motor has three windings.

(General Electric Co.)

4-15. A hermetic motor-compressor unit. A. Suction

service valve; B. Discharge gas opening; C. Internal

mounting spring; D. Intake muffler; E. Intake valve.

(Tecumseh Products Co.)

and many domes have metal fins on their

outer surfaces. Some even use a motor
driven fan to force air over the com-
pressor to help remove this heat.

When a water cooled condensor is

used, it is found advantageous to also

use water to cool the compressor or

dome. Cast-in water jackets are used

on some open compressors while oc-

casionally copper tubing is wound

around the hermetic dome to carry

coolant.

4-16. The cylinder head and muffler system. A.

B. Intake.

(General Electric Co.)

Exhaust;
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4-17. ROTARY COMPRESSORS

Rotary compressors are very popu-

lar in the refrigeration field. They are

compact and have very little vibration.

Several types of rotary compressors
have been built; namely,

1. The stationary blade type

2. The rotary blade type

These two types could also be

classified by their cylinder design.

The stationary blade type could be

called the concentric cylinder model

CONTACT POINT

BLADE B

B

4-17. The two principal types of rotary compressors.

A. The rotary blade type; B. The stationary blade type.

and the rotary blade type could be called

the eccentric cylinder model. See Fig-

ure 4-17.

The principle of operation of the

stationary blade type is that the rotating

cylinder is mounted on an eccentric

DISCHARGE PORT
AREA

CONTACT POINT

BLADE A

0ISCHAR6E PORT
AREA

4-19. A two blade rotary compressor operation. Th

blade rotor is off center. Blade A is passing throug

about 90° of its suction motion while Blade B is passirv

through about 90° of its compression motion.

(Seeger Refrigerator Co.)

shaft. This rotating roller is sealed a

its ends by plates fastened to the ends

of the cylinder. As the roller rotates

it leaves a space between it and th*

under part of the blade and the cylinder

This space is filled with the suctioi

gas from the cooling coil. This fillinj

action continues until the high part o<

the roller pushes the blade completely

seal Oil Metering- tube

4 3o*ff of Boor

sem.-o/c

COOLED OIL Hi3
LOW PRESSURE GftS

[

>»RTLY COMPRESSED GPS [J

COMPRESSED GPS

4-18. A four blade rotating blade type compressor.
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out of the space back into its slot. Then

as the high part of the roller con-

tinues past the intake opening or port,

this gas charge is trapped in the cylin-

der cavity. The roller now squeezes

this gas into a smarter and smaller

space between the upper part of the

blade, the cylinder and the roller. As

may be noted, the compressor has al-

4-20. A hermetic motor-compressor. It uses a split

phase motor and a two blade rotary compressor.

(Seeger Refrigerator Co.)

most a full revolution for its com-
pression stroke and likewise for its

intake stroke. All the parts must be

fitted to extremely close tolerances

and clearances. Any scores or clear-

ances will allow the gases to pass by

the roller surface or roller ends and

reduce the efficiency of the pump.
The rotating blade type of rotary

compressor mounts the cylinder off

center from the shaft in such a way
that the shaft roller comes to within

.00001 in. of the cylinder at a spot

between the intake and exhaust ports.

The roller usually has two or four

slots in which are mounted two or four

blades that rub against the inner surface

of the cylinder, Figure 4-18. The ends

of the blades must fit the length of the

cylinder with clearances of approxi-

mately .0005 in. For pumping efficiency

the blades must also have about this

same clearance in their slots. Some

compressors use two blades 180

degrees apart. Figure 4-19.

As the roller rotates, a space is

formed between the cylinder, the blade,

the roller and the point of contact be-
tween the roller and the cylinder. This

gas charge is trapped into smaller and

smaller spaces as the next blade moves
past the contact point.

A hermetic unit with a vertical

crankshaft and using a two blade rotary

compressor is shown in Figure 4-20.

The electrical leads are at the top of

the urn and it is externally spring

mounted. The three bottom connections

are, left to right, suction line, dis-

charge line, and the oil-out line. The oil

inlet line is at the upper left of the

housing. This unit has 1/9 and 1/8

H.P. motors.

The internal construction of this

compressor is shown in Figure 4-21.

The suction line is at the left and the

discharge line is at the right. A conical

screen is located at the inlet and a

check valve is located in the vertical

section of the suction passage.

4-21. The internal construction of a hermetic motor-

compressor. The motor stator and rotor are at the top.

The rotor is mounted on the eccentric shaft which drives

the compressor rotor at the bottom of the shaft.

(Seeger Refrigerator Co.)
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4-18. CYLINDER CONSTRUCTION

The cylinders are usually made of

cast iron. The cylinder is accurately

machine-honed, and lapped on the inner

surface and on the ends. The cylinder

contains the intake and exhaust ports;

some models have oil passages for

lubrication. This cylinder is usually

mounted on an end plate that is part of

the main crankcase of the compressor

and the refrigerant passages continue

into this port. The exhaust valve reed is

mounted on the exhaust port outlet of

the compressor as close to the com-
pression chamber as possible. Four or

more bolts hold the cylinder to the

main part of the compressor. There

are also one or more steel dowel pins

to help align the cylinder on the com-
pressor. After the cylinder is mounted,

in the rotating blade type, snugly on the

back plate, the cylinder is moved by

tapping it slightly until the cylinder

binds on the roller. A light tap is then

used to relieve the binding and the

bolts are now tightened to their proper

torque.

In the stationary blade type com-
pressor, the cylinder is mounted

snugly, and then the shaft is turned and

the cylinder is shifted until there is an

equal amount of resistance for the com-
plete revolution. Then the cylinder

bolts are tightened (torqued).

4-19. ROTOR CONSTRUCTION

In the rotating blade type com-
pressor, the rotor is a fixed part of the

shaft. Its length must be accurate to

.0005 in. It cannot have any scores on

its outer surface. Its slots must be free

from burrs and they must be true. The
blades are lapped to fit the width and

length of the slots. Usually the slots

are on a radius to the center of the

shaft, but one company puts the slots at

an angle to prevent the blades touching

the cylinder until the compressor has

reached almost its operating speed,

thus reducing the starting load.

In the stationary blade type of com-
pressor, the rotor is usually a roller

that accurately fits the eccentric which
is a fixed part of the shaft. Some com-
pressors have the blade fastened tothei

roller to provide a positive means to

move the blade in and out of their slot

and to provide a more positive leak

proof joint between the roller and the>

blade. However, this construction puts:'

all of the wear on the eccentric surface,

and the inner surface of the roller.

Figure 4-22.

4-20. BLADE CONSTRUCTION

The rotating blade type compressor
usually has two to four blades. These

4-22. A stationary blade compressor with the blad

attached to a bushing mounted on .the revolving eccen

trie. A. Eccentric shaft; B. Bushing; C. Cylinder; D

Exhaust valve; E. Inlet port; F. Blade.

blades have been made of cast iron

steel, aluminum and carbon. One com-
pany made the blade in two pieces ti

enable the blade contact surface on the

cylinder to be the full width of the blade

at all times. The efficiency of the com-
pressor depends to a great extent or

the condition of the contact edge of the

blade with the cylinder. Blades mus 1

have perfectly smooth edges and thei]

length must be exactly the same as the
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cylinders. Aluminum and carbon blades

are used to reduce blade clicking

noises and to reduce chattering of the

blades.

4-21 CRANKSHAFT ^
CONSTRUCTION .-*».

The crankshaft is usually of forged

steel construction. It is made of medium
carbon steel and the high wear surfaces

are then case hardened. It usually has

two journals for the two main bearings

although some have been built with only

one main bearing. End play of the shaft

is usually absorbed by a shoulder on

one main bearing journal and by using

the seal spring as an initial load

device.

4-23. A valve plate assembly. The opening to the inlet

valve (A) is raised above the valve surface to avoid oil

pumping. The exhaust valve retainer is spring loaded to

allow for possible oil pumping without damaging the

compressor mechanism.

(Tecumseh Products Co.)

The shaft also has the taper should-

er, a woodruff key slot, and the threads

for the flywheel and retaining nut. It is

important that the main bearing jour-

nals be straight and smooth. These
journals must fit the bearings or bush-
ings within .0005 in. and the shaft must
be true throughout its length. V- blocks,

a surface plate and a good quality

height gauge is used to check the jour-

nals and the shaft.

Some of the directly driven com-
pressors have a fitting on the end of

the shaft for the mounting of a flexible

joint to permit small inaccuracies in

motor and compressor alignment.

4-22. VALVE CONSTRUCTION

The exhaust valve is usually made
of high carbon alloy steel heat treated

to provide the properties of a flat

spring. It is optically flat with no burrs
on either surface. The valve seat is

usually part of one of the plates that

fasten on the end of the cylinder. This

valve seat is made of the same material

as the plate. It is constructed as close

to the inner surface of the plate as

practical to keep the clearance pocket

as small as possible. Some valve de-

signs use small springs to assist the

closing of the valve and to permit more
lift to the valve during those moments
when the unit is pumping oil, Figure

4-23.

The rotary compressors do not use

an intake valve as such because of the

self trapping action of the blade or

blades of the compressor. However, due

to the pressure differences, compres-
sor oil would be f6rced back into the

suction line to the cooling oil unless a

check valve is installed in the intake

passages to keep this oil in the com-
pressor. This check valve is usually a

disc valve with a small spring locking.

One compressor design uses a ball

bearing as the check valve.

4-23. CRANKSHAFT SEAL
CONSTRUCTION

The seal constructibn is very simi-

lar to the seal construction of the

reciprocating compressor. One design

has the shaft seal on the high pressure

side of the system. The shaft has a

shoulder against which a synthetic

rubber washer is impressed and a seal

ring is then inserted. This seal ring

has a pin to keep it from turning on the
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shaft. Another construction mounts the

bellows and ring on the shaft so that

the ring turns with it and the matching
face is the end of the main bearing.

4-24. A hermetic rotary compressor. This is a single

stationary blade type of compressor.
(Frigidaire Div., General Motors Corp.)

4-24. GASKETS

The gaskets are made of the same
materials as those of the reciprocating

compressor. The thickness of the gas-
kets is not as important as in some
reciprocating compressor gaskets as

none are used in critical places.

4-25. LUBRICATION ROTARY
COMPRESSORS

The success of the rotary compres-
sor is very dependent on the constant

film of oil present on the cylinder,

roller, and blade surfaces. It is a

natural result of the operation of the

compressor that oil feeds itself in

through the main bearings into the

cylinder. The cylinder is therefore

located so that the oil level is approxi-
mately half way up the main bearings.

In all the larger units and even in some
of the smaller units, a forced feed

lubrication system is used. Some of the

units use a separate oil pump, but some
take advantage of the pumping action of

the blades moving in and out of their:

slots. If an oil passage is put in an end
plate at the time the blade is moving)

out of the slot and then another passage
is connected to slots as the blades
move into the slot, oil will be pumpedj

The lubricant must be carefully

selected. It must be the special mois-,

ture free, wax free, unfoamingoil of the

correct viscosity for the refrigerant

concerned. There is a tendency for car-

bon to form around the exhaust valve ii

there are any impurities in the oil.

4-26. HERMETIC ROTARY
COMPRESSORS

Rotary compressors are also very

popular in hermetic units. Both designs

of the rotary compressor have beei

successfully used in hermetic units

The compressors are directly drivei

and their design must adapt itself to the

4-25. A centrifugal type compressor.

(Carrier Corp.)
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higher speed. Therefore the units are

better balanced; the valve ports are

larger; and the blades, etc; are made
of a relatively light material. See

Figure 4-24.

4-27. CENTRIFUGAL COMPRESSORS

Centrifugal compressors have been
successfully used in large refrigerating

systems. This type compressor is

based on the principle of the inertia and

weight of gas. If a gas is moved rapidly

in a circular path, it tends to move
outward. This action is called centrifu-

gal force. Therefore if gas is fed into

a housing near its center and if a disc

with radial blades (impellers) is rapidly

turned in this housing, the gas will be

forced against the outer diameter of

the housing. The pressure difference

obtained is rather small so that several

of these compressor wheels or impel-
lers are put in series to produce a

4-26. The rotor (i mpeller) from

compressor.

(Carrier Corp.

a centrifugal type

sufficient volume of gas and to create
sufficient pressure differences. There
is considerable similarity in appear-
ance between this type of compressor
and a steam turbine or an axial flow air
compressor for a gas turbine engine.
The centrifugal compressor has the

advantage of complete simplicity of

operation. There are no valves or
pistons and cylinders. The only wearing
parts are the main bearings, Figure
4-25. Because the pumping efficiency of

these compressors varies as the speed,

these units are usually run at con-
siderably above the motor speed which
necessitates a step-up gear train.

4-28. STATOR CONSTRUCTION

The stator or casing is usually made
of cast iron; it has a varying radius
inside to adapt itself to the gas pick up
of the impellers. This cylinder contains
the main bearings, the oil pressure
producing pump, and the intake and
exhaust ports for the gases. It also

holds the shaft seal where the shaft

protrudes from the casing for the

power drive attachment.

4-29. ROTOR CONSTRUCTION

The rotor or impeller of the centri-

fugal compressor is keyed to the com-
pressor shaft. It is made of cast iron or
steel and is specially designed to move
the gases without exceeding gas ve-
locity limits and without having any gas

trapping pockets, Figure 4-26.
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4-30. REVIEW QUESTIONS

Answers to these questions may be
found in Paragraph 4-31, page 723.

1. What is the purpose of a com-
pressor?

2. What is gained by using a multiple

cylinder reciprocating compres-
sor?

3. What is a full floating piston pin?

4. Why must the valves be of light

weight?

5. How is the crankshaft joint sealed

where it leaves the compressor
body?

6. Of what materials are pistons

made?
7. Why must the clearance pocket be

a minimum volume?
8. What is done to cool the com-

pressor cylinder?

9. What is an internally sprung

hermetic compressor?
10. How are hermetic motors usually

cooled?

11. Is the stationary blade in a

stationary blade compressor

really stationary?

12. How many intake strokes and
exhaust strokes does the four-

blade rotating blade type com-
pressor have per each revolu-

tion?

13. Why are the main bearing clear-

ances so closely measured in a

rotary compressor?
14. What does a rotary compressor

have instead of an intake valve?

15. How may the blades be used to

help oil circulation in a rotary

compressor?
16. Is it possible to have the crank-

shaft seal on the high pressure

side of a rotary compressor?
17. Why are some rotary compres-

sor blades made of carbon?
18. What would happen if the shaft of

a compressor were bent?

19. Does a centrifugal compressor
have exhaust valves?

20. Does a centrifugal compressor
revolve at higher or lower speeds
than a reciprocating compres-
sor?
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Chapter 5

REFRIGERANT

CONTROLS

An automatically operated refriger-

ating unit must have a device which will

automatically reduce the high pressure

liquid refrigerant to a low pressure

liquid refrigerant in the correct quanti-

ties to keep the cooling unit operating

at maximum efficiency and without

overloading the compressor. The
mechanical or compression system
refrigerators have five main types of

refrigerant controls:

(a) Low pressure side float

(b) High pressure side float

(c) Automatic expansion valve

(d) Thermostatic expansion valve

(e) Capillary or choke tube

5-1. COMPRESSION MACHINE
REFRIGERANT CONTROLS

The modern refrigerating units are

almost completely automatic in opera-

tion. To obtain this automatic operation,

positive methods must be developed for

operating the unit to produce proper
refrigeration in the cabinet and also for

controlling the electric motor which

drives the mechanism.
These refrigeration controls may be

divided into three classes: (1) the con-

trol based on pressure changes, (2) the

control based on temperature changes,

(3) the control based on volume or

quantity changes, or the combination of

two or more of the first three.

It is the duty of the automatic con-

trols to maintain the temperature in the

refrigerator cabinet within specific

limits of 35 F. to 45 F., and to keep the

frozen foods compartment between OF.

to 5 F.

5-2. THE PRESSURE CONTROLLED
EXPANSION VALVE

The automatic expansion valve or

pressure controlled expansion valve is

a refrigerant control whose operation

is controlled by the low side pressure

of the system, and whose purpose is to

throttle the liquid refrigerant in the

liquid line down to a constant pressure

on the low pressure side. The action of

the valve is very similar to a spray

nozzle, and while the compressor is

running, the liquid refrigerant is spray-

ed into the cooling unit tubing. Because

the cooling unit is never filled with

liquid refrigerant, but rather a mist or

fog, a system using an automatic ex-

pansion valve is sometimes called a

"dry" system..

The pressure method is illustrated

in Figure 5-1, and shows a flexible

bellows connected to the needle of a

needle valve and having cooling unit

pressure P2 on the inside with atmos-

pheric or confined gas pressure Pi on

the outside. Fi spring force tends to

open the valve while F2 tends to close

the valve. From the illustration, it may

be seen that as the pressure in the

cooling coil decreases, the differences

in pressures will force the bellows
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toward the valve body, and as it is

fastened to the needle, it will open the

needle valve, and some liquid refriger-

ant will spray into the coil which, as it

evaporates, keeps the cabinet tempera-
ture within its design limits.

This opening of the expansion valve

occurs only when the compressor is

running because this is the only time

the pressure is reduced which causes

it to operate. The expansion valve

cannot flood the low side when the

compressor is running, because as soon

as the evaporating refrigerant vapor

reaches the end of the cooling unit

tubing, the motor control (sensitive

7^g 1^
P*

5-1. Diagram of an automatic expansion valve show-

ing the various pressures within the valve which cause

it to operate.

bulb) located there will cool and open

the switch and stop the motor, and the

low side pressure will then immediately
build up enough to close the expansion

valve.

These valves are adjustable to per-
mit the opening of the needle valve over
a varying range of pressures (Fj).

Expansion valve adjustments must be

made for varying altitudes as their

operation is influenced by atmospheric
pressure. An increase in altitude will

require screwing in the adjusting

screw. Also different refrigerants re-

quire different expansion valve

settings.

These automatic expansion valves

are made in a variety of designs. The
flexible member may be made either as

a diaphragm or as a bellows. The
diaphragms are made of phosphor

bronze and are either clamped or

soldered to the valve body. The bellows

is made of brass, and it is usually

soldered to the body. These flexible

elements must move in and out millions

of times without any loss of flexibility.

The body of the valve is usually

drop forged brass although spme are

cast. These bodies must be seepage

proof.

The liquid inlet is either a soldered

connection, a standard flared connec-

tion, a large connection, or a pipe

thread. A screen is usually located in

this inlet, and it is designed for easy

removal. This screen is made of brass

wire of 60 to 100 mesh, meaning 60 to

100 openings in one inch measurement.

This screen filter in the liquid line

will sometimes give trouble by be-

coming clogged. Notice the double

spring arrangement on the needle to

balance the forces and give a smoother '

control of the flow of the refrigerant,

Figure 5-2.

To adjust the automatic expansion

valve, turn the adjusting screw out

(contra-clockwise), which will release

the spring pressure or force on the

outside of the bellows and enable the

needle valve to open only after a lower

pressure; therefore, a decrease is on

this low pressure side.

Lowering the pressure on the low

side will result in lowering the cooling

unit temperature. To raise the cooling

unit temperature, turn the adjusting

screw in (clockwise) which will in-

crease the spring pressure (force) on

the outside of the bellows, and therefore

the low side pressure must rise slightly

to move the needle back against the

seat. These controls can only be used
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with a thermostatic motor control.

The automatic expansion valve is a

good replacement for capillary tube

refrigerant controls when a unit is

being serviced in the field. These valves

are adjustable and are not a« critical

to the refrigerant charge as capillary

tube systems. If an automatic expansion

valve is used as a replacement in a

hermetic system, one important pre-

caution should betaken. When the motor

is a low starting torque type, the head

pressure must be reduced during the

off-cycle. To accomplish this unload-

ing, a groove is put in the valve seat

to permit a small amount of refrigerant

to "bleed" past the valve needle during

the off-cycle. This "bleed" opening

must be large enough to permit pres-

sure balancing during the off-cycle but

must be small enough to permit control

of the refrigerant when the system is

at its lowest operating pressure.

5-3. THE BELLOWS TYPE
EXPANSION VALVE

Figure 5-2 illustrates a bellows type

automatic expansion valve. The body is

made of special alloys (usually Stellite

needles and Monel metal seats). The
valves have softer seats than needles

to eliminate as much as possible the

wearing of a shoulder on the needle.

The spring "C" is attached at both

ends, eliminating a spring inside the

5-2. A pressure-controlled expansion valve A. Adjust-

ing screw; B. Rubber cap; C. Lock joint; D. Bellows;

E. Gasket; F. Screen; G. Plug; H. Liquid inlet; J. Needle
shoulder; K. Plug; L. Needle; M. Seat; N. Refrigerant

outlet; O. Packing.

(Detroit Controls Co.)

refrigerant space. The needle is mount-
ed in a ball and socket to insure full

seating by allowing the needle to align

itself with the seat. The bellows, made
of special brass, is very flexible and is

soldered to both the body and the disk.

5-3. A type of pressure controlled expansion valve using

a diaphragm in place of bellows

This bellows is made of stock .005 in.

to .010 in. thick. It is carefully made
in a series of rolling operations. The

liquid line is usually 1/4 in. outside

diameter (O.D.) and is fastened to the

valve at "H" by a special nut per-

mitting easy removal of the screen.

Note how the external surface of the

bellows is sealed at "O" and "B" to

insure that moisture will not enter, then

freeze on the bellows and interfere with

the accurate operation of the valve.

The valves may be" attached to the cool-

ing coil either by means of threaded

fittings or by two bolt flanges. Flanges

sealed with lead gaskets are preferred.

The automatic expansion valve is

used chiefly on some older domestic

refrigeration and on automobile air

conditioning equipment.
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5-4. THE DIAPHRAGM TYPE
EXPANSION VALVE

Figure 5-3. Note that the diaphragm
is made in two discs, and metal guards

are placed against the discs to protect

them. The valve is designed with stops

to prevent too great movement of the

diaphragm. The diaphragm is placed

into the body recess; the cap is put in

place, and the assembly is soldered.

Note that the diaphragms have concen-

tric corrugations to improve their

flexibility.

Another diaphragm expansion valve

design is shown in Figure 5-4. The
diaphragm movement is limited by the

body and the cap. The cap or cover
plate is crimped over the edge of the

body and the assembly is soldered. The,

diaphragm has a disc on the low pres-

5-4. A popular diaphragm type automatic expansion

valve. A. Rubber cap; B. Adjusting screw; C. Adjusting

spring; D. Diaphragm; E. Screen; F. Inlet nut; G. Factory

adjustment; H. Spring; J. Spring; K. Needle; L. Seat;

M. Pin.

(Detroit Controls Co.)

sure side, and this disc acts on pins

that move the needle away from the seat

and allow the pin to contact the seat

again. The inlet is a 1/4 in. flare

connection and the outlet is an internal

1/4 in. pipe thread.

5-5. THE THERMOSTATIC
EXPANSION VALVE

Thermostatic expansion valves,

which were developed in the late

twenties are rapidly becoming the lead-

ing multiple cooling coil refrigerant

control. This control was originally

produced to eliminate trouble with oil

binding that was experienced with low

side float installations.

E

5-5. A thermostatic type expansion valve. A. Adjust-

ing nut, B. Seal ring, C. Capillary tube, D. Bellows hous-

ing, E. Spacer, F. Thermal bulb, G. Body bellows, H.

Screen, I. Gasket, J. Refrigerant inlet, K. Needle pin,

L. Sealed fitting, M. Needle, N. Seat, O. Cooling Coil

connection, P. Inner spacer, Q. Spacer rod, R. Snap

ring, S. Thermal bellows.

(Detroit Controls Co.)

The theory of the thermostatic ex-

pansion valve is as follows: a power
element, capillary tube, and thermo-
static bulb apparatus is mounted into a

typical expansion valve and causes the

valve to keep the coil filled with re- •

frige rant rather than to maintain a1
<

definite low side pressure. The thermal
expansion valve under any circum-
stances does not attempt to regulate

the low side pressure, but rather

controls the filling of the cooling coil

with refrigerant, and the compressor
establishes its own pressure upon this

refrigerant, Figure 5-5. This control

was first used for the methyl chloride

systems, but its inherent advantages

soon led to its adoption for all multiple

installations. It has one distinct ad-

vantage over the low side float multiple

system in that several different tem-
peratures may be obtained without using

any other special device. This may be

accomplished by starving the coils in
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CONTROL ALWAYS
IN BULB

5-6. The thermal element of a thermostatic expansion
valve. There is enough refrigerant to insure liquid re-

frigerant in the control bulb at all times.
(Detroit Controls Corp.)

the cabinets desired to be kept at a
warmer temperature.

The construction of this valve con-
sists of a brass body into which the
liquid line and cooling unit connections
are built. In this body is located the
needle and seat, the former of which is

>-7. A thermostatic expansion valve. Note the flared
connections and the adjusting screw.

(Sporlan Valve Co.)

joined to a flexible metal bellows or
diaphragm. This bellows, in turn is
actuated by a non-heat conducting rod
connected at the other end to a sealed
bellows (power element), which is join-
ed to the thermostatic bulb by means
of a capillary tube; all are carefully
sealed, Figure 5-6. This thermostatic
element must be charged with the same
refrigerant that is used in the system.
Each manufacturer has a code for
identifying the refrigerant with which
the thermostatic element is charged.
Some use letters such as S, M, F, etc.,

indicating sulphur dioxide, methyl
chloride, or Freon 12. Others use
colors or numbers to denote the charge.
The whole valve is sealed to prevent
moisture seeping into any part. A
screen or strainer is always located
between the liquid line connection and
the orifice to keep dirt away from the
needle and seat of the valve. Some air-
conditioning systems use as many as
six of these thermostatic expansion
valves on one cooling coil.

Another thermostatic expansion
valve is shown in Figure 5-7. It is of

the single diaphragm type. Note the pins
that carry the diaphragm action to the
needle. The liquid inlet is on the left,

and the coil connection is on the right.

An exploded view of the valve is

shown in Figure 5-8. The pin or needle
is made of Hastelloy, the seat is brass,
the body is brass. Note that the inlet

flare connection is mounted on the
screen.

The proper installation of the ther-
mostatic expansion valve is the first

factor to obtain satisfactory usage. The
operation of the valve is simple. The
bulb of the thermostatic expansion valve
should be located at the outlet of the
cooling coil. When the bulb warms the

refrigerant vaporizes some of it and
builds up a pressure in the power
element by means of the capillary tube
connection, and the bellows expands.
This expansion forces the needle open,
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admitting liquid refrigerant into the

cooling coil, Figure 5-9. This continues

until the whole coil is cooled, and the

suction line starts to cool. As soon as

the suction line, to which the power
bulb is attached, becomes cooled suf-

ficiently, the pressure in this bulb

decreases, due to condensation of its

refrigerant, which relieves the pres-

sure in the bellows. This causes a con-

traction of the bellows, and the expan-

sion valve is shut off, leaving the cool-

ing coil filled with liquid refrigerant

vapor. The refrigerating mechanism
now lowers or decreases the low side

pressure, for it continues to run until

the pressure motor control orthermo-
static motor cuts out, giving the tem-
perature desired. When the condensing

small capacity valves while the "baL

bearing" needle or the flat needle is

used in larger valves, Figure 5-10.

Seal
\CapsCap V

Bottom Cap
Assembly

Spring

Strainer
J

Thermostatic

Adjusting

Stem

)tm
Spring
Guide

^S3*

5-8. The various parts of a thermostatic expansion

valve of the diaphragm type. Note the push rods that

carry the diaphragm movement to the pin carrier.

(Sporlan Valve Co.)

unit stops, the thermostatic expansion

valve closes. This closing is accom-
plished by the low side pressure equal-

ling the thermal bulb pressure the

instant the condensing unit stops. This

closing action is important; otherwise

the cooling coil would become flooded

with refrigerant.

The needles are usually made of

Stellite Hastelloy, or stainless steel

while the seats are made of stainless

steel, Monel or brass.

The needles are usually sharp point-

ed cones but spherical orifice closers,

and flat orifice closers have also been

used.

The conical needle is popular for

A diaphragm type thermostatic expansion valve. /

is used to the needle and a long cage guides th>

ovement. Pins carry the diaphragm movement to th<

needle cage.

(Automatic Products Co.)

Most of these valves are equippe(

with an adjustment. One of the adjust-

ments is designed to move the powe:

5-10. A large capacity thermostatic expansion valv

orifice.

(Detroit Controls Corp.)
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element against the expansion valve

bellows. If it is turned out or contra

-

^clockwise, the power element will be

moved away from the expansion valve

bellows. This action Will "starve" the

5-11. A thermostatic expansion valve with the valve

adjustment in the body of the valve, A.

(Alco Valve Co.)

cooling coil or will result in closing

the needle before the coil becomes full

of liquid refrigerant.

Another type valve has the adjusting

screw in the body of the valve, Figure

5-11. In this type the cooling coil will

receive more refrigerant if the adjust-

ing screw is turned out, and the coil

will be "starved" if the adjusting

screw is turned in.

5-6. THERMOSTATIC EXPANSION
VALVE PRINCIPLE

The thermostatic expansion valve

5-12. Diagram of a thermostatic expansion valve show-

ing the various pressures within the valve which causes

it to operate.

works on the pressure difference

basis; that is, the accumulated pressure
difference or force difference between

the element bellows and the body sealing

bellows, Figure 5-12. With the unit

running, the refrigerant, (T2) in the

expansion valve thermostatic element

is usually about 10 F. warmer than the

refrigerant in the cooling coil (T^
)
pro-

ducing the different pressures and

therefore the different forces. This

means that the unit pressure in the

element (Pi ) is greater than the unit

pressure (P2) in the cooling coils (both

containers using the same refrigerant).

Therefore, to obtain balanced total

pressures or force between the two

bellows, the element control bellows

sometimes has a smaller area (dia-

meter) than the sealing bellows. This

temperature (pressure) difference is

often described as the superheat of the

bulb over the coils refrigerant tem-

perature while the unit is running.

When the compressor stops, the low

side pressure and the element pressure

tend to equalize. The total expansion

valve bellows pressure or force there-

fore overpowers the element bellows

pressure, and the needle is forced

firmly into the seat stopping the flow of

refrigerant. The needle will now stay

closed until the element force builds up

enough to overcome the low side force.

This can only happen when the unit is

running. This prevents the flooding of

the low side while the compressor is

idle if the valve is adjusted correctly.

With the adjustment turned to enable

the needle to easier seat itself while

the unit is running, the needle will

close even though there is a greater

temperature difference (about 15 F.

temperature difference) between the

refrigerant in the coil and that in the

bulb, Figure 5-13. The cooling coil

refrigerant liquid will not reach the

bulb location in this case, because the

low pressure gas only will be cold

enough to reduce the element pressure
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to the closing point. The coil will then

be starved and the needle will shut off

before the coil becomes full of liquid

refrigerant.

When the adjustment is turned to

move the needle away from the seat one

or two revolutions, the temperature of

CUT-IN
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merely for the purpose of supplying

pressure, and for this reason the re-

frigerant used does not have to conform

with the valve being tested; in other

words, a drum of Freoji 12 would be

satisfactory for testing with SO^ Methyl

Chloride or Freon 12 valves.).

S-16. A method of testing thermostatic expansion valve.

2. High pressure and low pressure
gauges. The low pressure gauge should
oe accurate and should be in good con-
dition so that the pointer does not have
oo much lost motion. A high pressure
'auge is not absolutely necessary but is

recommended in order to show the

oressure on the inlet of the valve.

3. A small quantity of finely crushed
ce is necessary, and one of the most
:onvenient ways of carrying this around
s to keep it in a thermos bottle.

Thermos bottles are available with

arge size necks. If such a container
s completely filled with crushed ice,

t will last easily for twenty-four
lours. Whatever the container is, it

should be completely filled with crushed
ce. Do not attempt to make this test

with the container full of water and a
little crushed ice floating around on the

top.

Proceed as follows to adjust the

valve:

1. Connect the valve as shown with
the low pressure gauge screwed loosely

into the adapter on the expansion valve

outlet. The gauge is screwed up loosely

to provide a small amount of leakage
through the threads.

2. Insert the bulb in the crushed ice.

3. Open the valve on the service

drum and be sure that the drum is warm
enough to build up a pressure of at least

70 pounds on the high pressure gauge
connected in the line to the valve inlet.

4. The expansion valve can now be

adjusted. The pressure on the outlet

gauge should be different for various

refrigerants as follows:

Freon 12 22 pounds
Methyl Chloride 15 pounds
Sulphur Dioxide 3 pounds

When making the adjustment, be sure to

have a small amount of leakage through

the low pressure gauge connection.

5. Tap the body of the valve lightly

in order to determine if the valve is

smooth in operation. The needle of the

gauge should not jump more than one

pound.

To test the needle for leaks, screw
the gauge up tight to stop the leakage

through the threads and determine if

the expansion valve closes off tightly.

With a good valve the pressure will

increase a few pounds and then either

stop or build up very slowly. With a

leaking valve, the pressure will build

up rapidly until it equals the inlet

pressure.

The power element may be tested

by loosening the low pressure gauge
to permit leakage through the threads
and then removing the power element
bulb from the crushed ice and warming
it up with your hand, or by putting it in

water at about room temperature. The
pressure should increase rapidly show-
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ing that the power element is operating.

Note: With the new gas charged,

(a small quantity of refrigerant) expan-

sion valves, the amount of charge in the

power element is limited, and the

pressure will not build up above the

specified pressure. This pressure is

always marked on the valve body and

must be considered when testing gas

charged valves.

The body bellows is tested with high

pressure showing on both gauges as

outlined in the preceding paragraph.

A leak is detected by loosening the

packing nut and using a Halide leak

detector to detect the escape of gas.

When making this test, it is important

that the body of the valve has a fairly

high pressure and also the gauge and

other fittings are screwed up tight to

eliminate leakage at otherpoints. Leak-

age can also be detected by the use of

oil or soap suds.

5-8. THE NORMAL CHARGE
POWER ELEMENT

The thermostatic element of the

thermostatic expansion valve is very

accurately made. As mentioned before,

it is essential that the element is

charged with the same refrigerant as is

in the system. This similarity enables

the valve to maintain a constant super-

heat setting even though the low side

pressures and temperatures change,

Figure 5-17.

One problem encountered with the

thermostatic expansion valve is that

with a normal refrigerant charge (1/2

liquid and 1/2 gas) the element will

always overload the condensing unit

when the refrigerating machine first

starts up after a long shut down period.

For example, if a one H.P. unit has been

idle for several days, and the cabinet,

the cooling coil, and the condensing unit

are all at the ambient temperature

(room temperature), and the unit is then

started, the low side pressure will be

very high. And it will continue to be high

as the cabinet slowly cools off. The

reason for this long overload is that *

the expansion valve will keep the coil

full of liquid refrigerant whether the

coil is at 7 5 F. or F. That is if the

coil refrigerant is at 7 5 F., the valve

will open; if the cabinet temperature

is 85 F. This prolonged overload some-

times causes the refrigerating unit to

fail (motor burn-outs, etc.).

/°/?£5SU#E

5-17. The constant superheat setting of a thermostatic

expansion valve. A. Vapor pressure curve of the re-

frigerant in the cooling coil; B. The vapor pressure curve

of the refrigerant in the bulb at the same moment; C.

The superheat difference (normally 10 F.).

Another problem encountered with

the normal charged element is that

the element sometimes loses its sen-

sitivity, because the liquid refrigeran

collects at the bellows or diaphragm
For example, if the valve body i

located in a sheltered spot on the coil

and the bellows or diaphragm end of th'

element becomes colder than the bulb

all the liquid refrigerant will settle a

the bellows or diaphragm, and the bulb

being only filled with gas cannot respom

to coil temperature changes.

5-9. THE GAS CHARGED POWER
ELEMENT

One way to eliminate the overload-

ing of a condensing unit during ;

"pull-down" from warm conditions

is to use a thermal unit having a ver;

small charge of refrigerant. Thi:
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5-20. A diaphragm type thermostatic expansion valve

with a collapsible element mounted between the thermal

element and the valve.

(Alco Valve Co.)

diaphragm will collapse, Figure 5-20.

The gas used is a non-condensable gas

and obeys Charles' and Boyle's Laws
only.

An example of how the pressure
limiting device prevents a long running

time at excessive low side pressures
when the refrigerator is warm is shown
in Figure 5-21. The cycle record shows

a pressure drop from our 50 psi to 10

psig in just a few minutes. The unit

5-21. A cycle diagram of a home freezer unit equipped
with a pressure limited thermostatic expansion valve

and a thermostat motor control. The unit was started

warm at 2 P. M. Note the quick reduction of pressure

until the valve opened at 10 psig.

(Sporlan Valve Co.)

then ran for two hours before a thermo-
stat shut it off.

Another type of pressure limiter

thermostatic expansion valve is shown
in Figure 5-22. This valve has an ad-i

justable pressure limiter (A). Above a\

certain set pressure setting at (A) the

spring above the diaphragm will com-;

press instead of the valve needle beind

5-22. A thermostatic expansion valve with an adjust

able pressure limiter device. A. Pressure limiter adjus*

ment, B. Liquid inlet, C. Cooling coil connection, C

Thermal bulb connection.

(A-P Controls Corp.)

opened. The liquid inlet is at (B) an

the cooling coil connection is at (C,

The capillary tube and thermal bulb i

not shown but the connection is at (D)

Another spring loaded pressure limite

is shown in Figure 5-23. The pressur
limiter assembly is shown in Figun
5-24. It will stay as a rigid rod am
open and close the valve until thi

pressures in the low pressure side am
in the thermal element are greater thai

the pressure of the spring.

Some thermostatic expansion valve:

have a thermal element "cross'

charge. A different refrigerant is pu

in the thermal element. The pressure
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temperature curve of this refrigerant

Ls such that the valve has high super-

heat when the coil is warm and the

low side pressures are high. Then as

the coil cools and the low side pressure
reduces, the superheats etting is re-

duced, Figure 5-25. This cross charge

(s mainly used in low temperature
installations. The valves are usually

Liquid charged valves. One must be
/ery accurate in choosing the correct

/alve and the correct size valve for

aach installation.

5-12. THE POWER ELEMENT
MOUNTING

The location and the actual mounting
of the power element bulb is very
important. The bulb must be in good
thermal contact with the cooling coil

outlet, Figure 5-26. The bulb should
be mounted on the top of the suction

line so its liquid is close to the suction

line. If it is necessary to mount the

-23. A valve with a spring loaded pressure limiter.

A. Superheat adjustment.

(Detroit Controls Co.)

5-24. The pressure limiter device. With the adjusting

screw set to produce length (L), the forces (B) will

collapse the spring (compress it) when they exceed the

forces (A).

(Detroit Controls Corp.)

5-25. A graphical picture of how a

cross charge thermostatic expansion

valve operates.

(Alco Valve Co.)
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bulb on a vertical suction line, the

capillary tube should come out the top

of the bulb. To keep the bulb from
being influenced by the air or liquid

being cooled the bulb is insulated.

Special rubber forms are available to

put around the bulb, and the line or
friction tape can be used to insulate the

bulb so that only the suction Jine tem-
perature can influence the bulb.

Metal straps, copper, and non-

rusting machine screws are usually

used to fasten the bulb to the suction

line. The bulb must have excellent

thermal contact with the suction line.

The connection must be clean and

tight.

5-13. THERMOSTATIC EXPANSION
VALVES CAPACITIES

One type of valve has one standard

body, but it has an easily replaced

needle and seal assembly. These as-

semblies come in a variety of sizes

, THERMOSTATIC BULB

^Mff^^fflTO^.^
-Jg

SUCTION LINE
'

5-26. The correct way to fasten a thermal bulb to a

suction line.

(Detroit Controls Corp.)

(orifice sizes). The larger the orifice

size the more liquid refrigerant can be

fed into the coil per unit of time.

The valves are rated in tons of

refrigeration. However, the same
orifice usually has three different ton-

nage capacities. (This change in capa-

city is because the amount of liquid

that will flow depends on the difference

between the high pressure on the con-

densing side and the low pressure on the

low pressure side.) Therefore, if it is a

Freon 12 system, a valve that has a

1/2 ton rating at a 13 psig on low side

pressure, domestic will have a 3/4 to

1 ton capacity at 5 in. vacuum (frozen

food units) and a 1/3 ton capacity at

40 lbs. per sq. in., assuming 130 lbs.,

per sq. in. head pressure; in the first

case there is a 130-13 =117 lb. pres-

sure difference; then in the second case

it is 130+27 (5 in. vacuum- 2i lbs.)

- 132 2 lb. pressure difference, and in

the last case it is 130-40= 90 lb. pres-

sure difference.

5-27. A thermostatic expansion valve with a distribut'

incorporated in the valve body. The inlet fitting is c

the top. The cap covering the adjusting screw is >.

the right. The small line attached to the center of

valve with a flare nut is the equalizer tube.

(Sporlan Valve Co.)

It is very important to put a valve c

the correct capacity on a coil. If th

valve orifice is undersize, the coilwi.1

be starved regardless of the superhea

setting, and the full capacity of thecoi

cannot be obtained.

If the orifice is oversize, the valv

will "hunt" or surge. When the valv

opens, too much refrigerant passes int

the cooling coil, and the coil will swea
or frost down into the suction line befor

the thermal element can close th

valve. If one tries to correct this con
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dition by increasing the superheat set-

ting, the coil will be starved much of

the time, and full efficiency cannot be

'realized.

5-14. SPECIAL THERMOSTATIC
EXPANSION VALVES

There have been many thermostatic

expansion valve designs on the market.

These designs help the valve serve

many purposes.

One valve combines a distributing

tube or manifold in the body of the

valve, Figure 5-27. This model is

popular for air conditioning applica-

tions. The design must be carefully

5-28. A thermostatic expansion valve with multiple out-

ets and an external equalizer connection. Note the
lacking around the valve stem and the method used

to adjust the superheat setting.

(Alco Valve Co.)

(Detroit Controls Corp.)

engineered, as each tube must receive

in equal amount of refrigerant.

Another design uses an equalizer

ube. Figure 5-28 shows a valve with

i multiple outlet, and an external

Equalizer.

When a thermostatic expansion
'alve is installed in a normal situation

«vith a 10 F. superheat, the settings
nay be as shown in Figure 5-29.

It has been shown that when the re is

an appreciable pressure drop in the

cooling coil, the pressure on the inside

of the valve body will be higher than the

pressure of the boiling refrigerant near

10 F.

VALVE EVAPORATOR
SUPERHEAT

32° 22'

I0"F.
COIL

SUPERHEAT

5-29. A normal superheat setting. A. indicates the

place the liquid refrigerant reaches before the valve

closes.

(Detroit Controls Corp.)

I5°F.

COIL
SUPERHEAT

5-30. A starved cooling coil due to excessive pressure

drop in the cooling coil. The liquid reaches point B at

17 F. and the gas warms to 22 F. at which time the

valve closes.

(Detroit Controls Corp.)
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10° F. 10° F
VALVE COIL

SUPERHEAT SUPERHEAT

5-31. An equalizer tube will produce the same coil

superheat as the valve superheat. The pressure under

the bellows or diaphragm is the same as the suction

line pressure at the thermal bulb location.

(Detroit Controls Corp.)

the bulb location. This action tends to

starve the cooling coil due to the higher

than normal valve body pressure,

Figure 5-30.

Although the valve is adjusted for a

10 F. superheat, the excessive pressure

drop actually results in a 15 F. super-

heat setting and a starved coil.

If a small tube [\" O.D.) is connect-

ed to the suction line and then tapped

into the expansion valve so that the two

pressures are equal, the valve will

operate much better, Figure 5-3 1.

The equalizer tube is connected to

the low side pressure side of the

bellows or diaphragm. Therefore, even

though the low side pressure drop in

the coil is high, the pressure operating

the valve is the same as the pressure
in the suction line at the thermal bulb

setting.

Another problem encountered with

thermostatic expansion valves is their

tendency to open intermittently during
an off-cycle. To prevent this occur-
rence, one may impose the high side

pressure on the valve to force it closed.

A solenoid valve is used to control this

pressure. A special solenoid valve

connected into the equalizer tubing is

shown in Figure 5-32. The solenoid

valve electrical circuit is opened as

the compressor motor circuit opens.

The solenoid core falls and closes the

5-32. A special solenoid valve that controls the equal-

izer tube. The solenoid valve is not energized in the

illustration and the high pressure gas is against the

bottom of the valve diaphragm.

(Sporlan Valve Co.)

equalizer tube to the suction line. The

high pressure refrigerant enters the

top of the solenoid valve and passes up

the equalizer tube and forces the ther-

mostatic diaphragm up allowing th(

valve to close. Figure 5-33 shows a

cross-section of the special solenoit

valve.

This arrangement permits using &

small solenoid valve to control largt

capacity systems.

A valve that has been made with ar

unusual adjustment is shown in Figure

5-34. This valve uses a needle fastenec

to a disc and a ball so the same

spring that pushes the diaphramagainsl

the element pressure will force the

needle against its seat. The other enc

of the spring is encased in a washei

that is positioned by an adjusting stem

When this adjusting screw is turned ir

or clockwise, it increases the superhea
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setting or starves the coil. The outlet

to the cooling is not shown in the

illustration.

A large capacity valve is shown in

Figure 5-35. It has flanged refrigerant

5-33. A three-way solenoid valve used to control an

i equalizer tube. When energized the openings A and B

I are connected. When not energized openings C and A
are connected.

(Sporlan Valve Co.)

POWER ASSEMBLY
DIAPHRAGM

ATOMIC HYDROGEN
WELD

SELF CONTAINED
.FILTER ASSEMBLY

EQUALIZING
PORT

•FORGED BRASS
BODY

INLET

5-34. A thermostatic expansion valve with a superheat
adjustment that adjusts the spring force. When the
screw is turned in, the superheat difference will increase.

(Alco Valve Co.)

5-35. A large capacity thermostatic expansion valve

equipped with an equalizer tube fitting and a disc-type

valve.

(Sporlan Valve Co.)

line connections bolted together ana

gasketed. Instead of a needle and seat,

it has a disc valve and seat. An
equalizer tube connection is shown in

the upper right part of the body.

When thermostatic expansion valves

are used in low temperature installa-

tions, the pressures are too low to

create enough force to efficiently open

and close the valve. A differential valve

which operates on the difference in

temperature at two coil positions solves

this difficulty, Figures 5-36 and 5-37.

5-15. LOW PRESSURE SIDE FLOAT
CONTROL (FLOODED)

The second and one of the most
popular methods of controlling the re-
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frigerant flow in the l920*s and 1930's

was that used in the flooded system of

refrigeration. It consists simply of a

float operating in the cooling unit

which controls the level of the liquid

refrigerant in the cooling unit, Figure
5-38.

5-36. A differential type thermostatic expansion valve.

A. Refrigerant inlet; B. Refrigerant outlet; C. Anti-surge

adjustment; D. Superheat bulb; E. Cooling coil bulb.

(Detroit Controls Corp.)

The float is connected either to a

needle valve or a ball check valve and
is calibrated so the valve will close

when the float is at the proper level;

5-37. Differential temperature expansion valve designed

to meet needs of extremely low temperatures. A
Superheat bulb; B. Superheat power element; C. Evap
orator bulb; D. Main valve orifice; E. Main valve needle

F. Strainer; G. Bypass valve orifice; H. Outlet passage

I. Bypass valve adjustment; J. Evaporator power ele

ment; K. Operating lever; L. Needle carrier assembly

M. "Anti-surge" spring; N. "Anti-surge" adjustment

O. Factory superheat adjustment; P. Sealing bellows

0- Forged union connection; R. Operating lever ful

crum; S. Anti-chatter device;" T. Stainless steel spacer

(Detroit Controls Corp.)

that is, when there is a certain level

of liquid refrigerant in the cooling coil.

The suction tube of these cooling

units extends into the float chamber
and has its opening located near the top.

This opening is protected from picking

up liquid refrigerant by having a baffle

plate located between it and the liquid.

This baffle is necessary because the

liquid as it evaporates is sometimes

agitated violently. If this baffle plate

were not provided, the suction tube

might receive liquid refrigerant in it

when the compressor is running.

These cooling coils, or boilers,

are usually made of copper (tin-dipped).

The float chamber has tubes running

out of it and down, forming a box for

the ice-cube trays; the tubing then

returns to the float chamber. The joints

are sealed by copper hydrogen brazing

pr silver brazing although some early

types were soft soldered. The float

itself is usually a sealed brass ball

connected to the needle by means of a

brass lever. The needles used in early

refrigerators were made of steel but

are now made of stainless steel or

Stellite. The seats are built into the

removable header and are made of

brass or Monel metal. Five to seven:

cap screws hold the header in place.

A lead gasket is usually used to seal

the joint, because it is easily broken

open, it takes up little space, it needs

no cleaning upon removal, and it may
be used again. The cap screws may be

made of either Monel metal or may be

cadmium plated steel to prevent rust-

ing.

5-16. LOW PRESSURE FLOAT
CONTROL (PAN TYPE)

Figure 5-39 illustrates the pan:

type or bucket type of float. This float

is made of brass and operates similar

to the ball type. The header on this

type of float is usually welded into place

and cannot be removed. A removal
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cartridge type needle and seat assembly
is therefore used. The ball type floats

.are used with most of the sulphur

dioxide units and with the old methyl
chloride units. The pan type float is

now used with methyl chloride, because
it insures a more positive oil return.

This return is accomplished by extend-

ing the suction line into the bucket,

since the oil collects in the open
bucket as it settles out of the spray in

the float chamber. One company uses a

wick to help remove the oil from the

chamber into the bucket.

place in the cooling coil; this will oil-

bind the refrigerant. If the float is

calibrated so the refrigerant level is

too high this will result in liquid

refrigerant entering the suction line,

and a frosted suction line will result.

This will increase the cost of operation

of the machine.

These floats are adjustable either by
bending the float arm or by a special

adjusting screw on the mechanism as

illustrated in Figure 5-38.

Another feature to be noticed is that

the oil in the sulphur dioxide units

Float valve houaing

liquid and auction Unc connection

Suction line connection

Liquid line connection

Liquid and auction tin ) gasket

Float valve

Vaporizing tube

Freezing, chamber

• control bulb brack

5-38. A low-pressure side float control

SUCTtOTt UHfr

5-39. A pan-type float control

(Norge Corp.)

The low side floats must be very
carefully adjusted or calibrated when
assembled in order to control the

liquid level at a certain definite setting

in the cooling coil. If the float mech-
anism is adjusted so the refrigerant
level is too low, it will result in a
lower than normal low side pressure.
Also, if the refrigerant level is too low,

an excess accumulation of oil will take

settles on the top of the refrigerant

when it collects in the cooling unit,

because the oil is lighter than the

refrigerant. The float must be designed

to allow for a certain oil layer and

amount of refrigerant.

It is a peculiar phenomenon of re-

frigerants that if they are not agitated

or helped in some other way, the

pressures may sometimes be reduced
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far below the refrigerant's boiling

point at that temperature before the

liquid will start evaporating. This

peculiarity is greatly increased by the

layer of oil always present on top of

the refrigerant, which acts as a choke

or retarder.

Many methods have been promoted

to prevent this occurrence; these in-

clude sawed tubing, tacks, and other

materials, which are placed in flooded

cooling units. Some of these are still

being used, but perhaps the best devel-

opment along this line has been the use

of special wood which, when located in

the liquid-filled tubes of the cooling

unit, acts as a catalytic agent and makes
the refrigerant boil at the correct

temperature. These substances are

called ebulators.

5-17. LOW PRESSURE SIDE FLOAT
CONTROL TROUBLES

The float control is practically fool-

proof, but occasionally the unit will

stick either open or closed. A closed

needle valve may be detected by a lack

of refrigeration, a high vacuum on the

low pressure side; a leaky needle may
be indicated by a continuous gurgling

or hissing in the cooling unit after the

compressor has stopped, an equalizing

of the pressure gauges, and a frosted

suction line.

5-18. HIGH PRESSURE SIDE FLOAT
CONTROL

Another control that is similar in

construction to the low pressure side

float control, except that the float is

located on the high pressure side of the

system, is the high side float valve.

This float maintains a constant level of

liquid refrigerant on the high pressure

side.

As the refrigerant is condensed in

its condenser, it flows directly to the

high side float chamber (no liquid re-

ceiver is used). As the liquid level

rises, the float opens a valve allowing

refrigerant to flow into the cooling coil.

The floats are made of either copper
or steel. In the hermetic or semi-
hermetic units the steel type is usually

used. These units cannot use a liquid

receiver unless the float is located

within it. These float controls do not

have as much difficulty with oil binding

as the low side float control, because

at the higher pressure the oil is dis-

solved more readily in the liquid re-

frigerant and circulates with it. How-
ever, the cooling coil used in connec-

tion with a high side float control must

12 3 i 5 6 7 8

5-40. A high pressure side float refrigerant control.

be equipped with a special oil return,

or oil binding trouble will be encounter-'

ed in it.

The high pressure side float is now>

preferred to the low side float in that

it permits a cooling coil design which

utilizes all the coil space for useful

refrigeration rather than float chamber
space.

The float must be a sealed ball, and

it is connected directly to the needle,

or it operates the needle by a simple

lever, Figure 5-40. The needles and

seats are made of long wearing alloys

such as stainless steel or hard sur-

facing alloys.

Both the copper or steel floats are

subject to crushing if the high side

pressure becomes excessive. Acrush-
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ed float will not rise with the liquid

level and the cooling coil will be

evacuated. A stuck-closed valve also

causes an evacuated cooling coil. Tap-
ping briskly on the float chamber may
free the valve, or if Mie float is made
of steel, an electro-magnet may be

used to raise it.

5.19 SPECIAL HIGH PRESSURE
FLOAT CONTROL
INSTALLATIONS

There have been four principal

cycle designs using high side floats.

One design has the condensing unit top

SUCTION Ovg

5-41. A top mounted unit with a high side float control.

mounted and the float is located near
the condensing unit, but the line from
the float needle to the cooling coil is

all within the cabinet insulation, Figure
5-41. Another design has the float

located on the condensing unit, and it

uses a weight check valve located near
the cooling coil to prevent frosting of

the liquid line, Figure 5-42. A third

design locates the float in the back wall

of the cabinet semi-buried in the in-

sulation. Figure 5-43. The fourth de-

ne MCN PRESSURE REFRIGERANT-UQWD
MM MCN PRESSURE REFRIGERANT- CAS I

B& LOW PRESSURE REFRIGERANT- LIQUID
EO LOW PRESSURE REFRIGERANT-CAS

REFRIGERANT OIL

HICH SIDE

LCW SIDE

5-42. A base mounted high side float control using

a weight check valve. A. Weight valve.

COND€NSea

CQMPtessor liquid Receive*

Lm. NuwtCu

5-43. A refrigerating unit with the high side float

located in the back wall of the cabinet.
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S-AA. A base mounted high side float mechanism. A capillary tube connects the high side float to the cooling coil.

sign uses a high side float located on

the condensing unit, and a capillary

tube is used to convey the reduced

pressure liquid refrigerant to the cool-

ing unit. Figure 5-44. In the three latter

5-45. A refrigerant "Restrictor" which operated similar

to a capillary tube refrigerant control. A. Screen, B.

Threaded cylinder, C. Housing.

designs the refrigerant lines from the

high side float to the cooling coil are

insulated.

5-20. CAPILLARY OR CHOKE TUBE
REFRIGERANT CONTROL

An increasingly popular refrigerant

control is the capillary or choke-tube

type. This control consists of a very

small diameter length of tubing which

acts as a constant throttle on the re-

frigerant. It was first used success-
fully in the late 1920's with the Rice

domestic refrigerator using methyl

chloride and is now being used by

5-46. A capillary tube suction line combination.

(Wabash Corp.)

practically all manufacturers. It is a

peculiar control inasmuch as the

amount of refrigerant in the system

must be very carefully calibrated, as

all the liquid refrigerant moves into

the low side during the off-cycle. Too
much refrigerant will cause the unit to

frost back on the low side. It must be

used in conjunction with a thermostatic

motor control. The Rice machine used

a capillary tube 27 inches long, and the

diameter was 1/16 inch.

The 1934 and 193 5 Frigidaire Stan-

dard line used a refrigerant contro]
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similar in action to the capillary tube

control. It was called a "Restrictor"

^and consisted of a refrigerant passage

formed by the threaded portion of a

large diameter screw tightly enclosed

in a housing, Figure 5-45, '

5-21. CAPILLARY TUBE DESIGNS

The capillary tube refrigerant con-

trol, Figure 5-46, does not have any

moving parts; therefore it has several

advantages. First, there are no parts

to wear or stick; second, the pressures

balance in the system when the unit

stops. This condition placed a minimum
starting load on the motor.

Capillary Tube Diameters,
O.D. and I.D.

Outside Diameter Inside Diameter

,083

,094

,109

,114

120

130

.031

.036

.042

.049

,055

,065

5-47. Capillary tube diameters, O.D. and I.D.

There are several theories con-
cerning the principle of operation of

the capillary tube. The tube presents a
fluid flow resistance, and the pressure
decreases as the small liquid flow
progresses through the tube until the

' liquid starts to evaporate in the tube.

This gas formation provides a sudden
1 pressure and temperature drop in the
!

last one fourth of the length of the
tube. It is cooled to evaporator tem-
peratures, and its pressure is reduced
;o evaporator pressure. This gas for-

Jt

mation in the capillary tube is called

j
"vapor lock." The design of the capil-
lary tube depends on four variables:

1. The tube length

2. The inside diameter
3. The tightness of the tube windings
4. The temperature of the tubing

There are several formulas for cal-

culating capillary tube sizes and length,

but the best system seems to be to use
the original tube size and then change
the windings, temperature, and the

length of the tube until it functions

correctly.

5-22. CAPILLARY TUBE
CAPACITIES

The capillary tube refrigerant con-
trol is the simplest of all refrigerant

controls. It consists of very accurately

made seamless copper tubing. The
inner diameter is very accurately con-
trolled to provide sensitive pressure
reduction. Some popular capillary tube

sizes are shown in Figure 5-47.

The .083 O.D. by .031 I.D. is used
in Frigidaire and Crosley units. The
.114 O.D. by .049 I.D. tubing is used
for the Freon 12 domestic unit and is

suitable for average temperatures and

frozen food temperatures, dependent on

the power of the unit and the use.

Approximate sizes for capillary

tube installations are shown in Figure

5-48 for Freon 12.

The capillary tube should be solder-

ed to the suction line for several feet

of its length (approximately 4 feet).

Any extra capillary tube length should

be coiled at the condenser end of the

tube. A permanent dryer and a very
high quality filter should be installed

at the inlet to the capillary tube to

prevent clogging.

5-23. CAPILLARY TUBE FITTINGS

The capillary tube should be fasten-

ed to the cooling coil and condenser

or dryer with mechanical fittings that

are leak-proof and vibration-proof.

Figure 5-49 illustrates two popular

ways to make these connections. Part

(1) shows the use of a special nut that

squeezes against both the capillary

tube and the fitting. Because the nose

section is deformed as the nut is
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tion. They may also operate differently;

some use a spring to keep the valve

against the seat; others are mounted so

the weight of the valve keeps it against

its seat.

5-25. SOLENOID VALVES

A valve that can open or close

refrigerant lines by using electricity

is often used in refrigerating systems.

It is an electro- magnet with a movable
core or center. If the movable center

is a valve stem, an electric switch can
be used to close the refrigerant line.

Some domestic refrigerators use this

valve, but it is very popular in com-

mercial refrigeration. A detailed ex-

planation of its operation will be found

in Chapter 19.

5-26. SUCTION PRESSURE VALVES

Many systems use bellows or
diaphragm-operated pressure regula-

ting valves on the low side of the

system. Some operate from the cooling

coil pressure and therefore keep the

pressure in the cooling coil constant.

Some operate fromthe crankcase pres-

sure and therefore keep the compres-
sor from being overloaded. These
valves may be studied in Chapter 19.

5-27. REVIEW QUESTIONS

1. What is meant by float calibra-

tion?

2. How many pressures or forces

influence the needle movement
of an automatic expansion valve

needle.?

3. Why are expansion valves made
adjustable?

4. Which refrigerant controls can
operate satisfactorily with a

varying amount of refrigerant in

the system?
5. What is thermostatic expansion

valve superheat?
6. How much liquid refrigerant

turns into gas as the refrigerant

passes by the needle valve?
7. What is the thermal bulb charge

in thermostatic expansion valve?
8. What mesh screens are used in

refrigerant controls?

9. When was the thermostatic ex-

pansion valve first used?
10. What is the most common ex-

pansion valve body material?
11. What may happen if the thermo-

static expansion valve orifice is

too large?

12. How does the liquid line fasten

to the expansion valve?

13. Why does the suction line extend

down into the pan type float?

14. What is a cartridge needle?

15. How may low side floats be ad-

justed?

16. Of what materials are high side

floats made?
17. What causes a high side float to

collapse?

18. What is done to permit locating

the high side float in the base of

the cabinet?

19. What is the purpose of an auto-

matic refrigerant control?

20. How does a capillary tube

operate?

21. Does a capillary tube system
have a liquid receiver?

22. What happens to the capacity of

a capillary tube if the tube is

lengthened?

23. Does a capillary tube need a

filter or a screen at its inlet?

24. Is it possible to adjust the capa-

city of a capillary tube?

25. What type of system needs a

check valve?
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CAPILLARY TUBE .075 1.D.

RESTRICTOR WIRE

.035 O.D. .0550.0. 0&20.D.

5-28. CAPILLARY TUBE FOR
SERVICING UNITS

A clever capillary tube system
which is easily adjusted and installed

for any system of low, medium, or high

temperature using either refrigerant

12 or 22 is shown in Fig. 5-52. The tub-

ing is of the same O.D. and I.D. for all

systems, but the capacity is varied by

putting various diameter wires of var-

ious lengths inside the tubing. A com-
plete table of wire sizes and lengths to

use is furnished with each unit.

5-52. An adjustable capillary tube for service work.

This design enables one unit to be adjusted to all

temperature applications, most capacities and for either

refrigerant 12, or 22.

(Watsco, Inc.)
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Chapter 6

MOTOR CONTROLS

The purpose of automatic refrigera-

tion is to provide correct refrigerating

temperatures with a minimum of atten-

tion. To produce these temperatures

under a variety of conditions, it is

necessary to use a refrigerating unit

with more capacity than is ordinarily

needed. Therefore, this unit would over

refrigerate under continuous operating

conditions.

There are two possible ways to stop

heat removal when a satisfactory tem-
perature has been reached:

1. The most popular way is to stop

the motor when the correct tempera-
ture is reached.

2. The second method is to stop and

start the flow of refrigerant in the sys-

tem when the correct temperature is

reached. This latter system is fre-

quently used in multiple commercial
systems but very seldom in single units.

The motor controls for hermetic

systems are more involved then those

used for open or conventional systems.
The hermetic system uses a starting

relay and as many as three safety de-

vices in the electrical circuit. The
modern hermetic also incorporates

automatic defrosting in many units.

6-1. REFRIGERATION ELECTRIC
MOTOR CONTROLS

The temperature inside the cabinet

should be maintained within certain

limits; therefore, the machine must
shut off (cutout) when the low limit of

temperature is reached, or food will

spoil by slow freezing; likev/ise, when
the cabinet temperature rises again, the

machine must start (cut-in).

To actuate the cut-in and cut-out,

two types of motor controls are used,

the pressure type and the thermostatic

type.

This chapter discusses the thermo-

static type extensively as it is the one

used in domestic refrigeration. The
pressure type is used extensively in

commercial refrigeration, and its oper-

ation is discussed in detail in Chapter

19.

The running time naturally varies

depending on the room temperature,

the frequency of use of the refrigerator,

and the size of the refrigerating unit.

For the Northern states, the running

time is approximately 35 to 40 percent

of the time; for the Southern states, the

running time may become approximate-

ly 50 per cent of the time for most re-

frigerators.

In the older designs, the unit would

cycle over a two to three-hour period.

That is, the running time and off time

of the mechanism would total between

two and three hours. The recent trend

has been to decrease the over all cycling

time so that now refrigerators may run

5 to 10 minutes and be off 10 to 20 min-

utes.

Also, it is a standard practice among
the manufacturers to design their units

so the electric motor operates a total of

only 8 to 14 hours out of the 24, which

is approximately 40 per cent of the

time.

i
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6-1. Methods used to obtain motion from temperature

and pressure changes. A. Low side pressure bellows;

B. Gas charged temperature response bellows; C. Vapor

pressure temperature response bellows; D. Liquid charge

temperature response diaphragm; E. Some bulbs capil-

lary tube coil used as a bulb; F. Enlarged view of E

sensitive element; G. A capillary tube used as a bulb.

This fourteen-hour operating time

is on the basis of standard use of the

cabinet. If the cabinet is used more, the

running time will be longer. If the usage

is less, the running time is less. The

average cabinet runs far below 14 hours

of the 24. The usual time is from 8 to

10 hours of the 24.

6-2. MOTOR CONTROL
PRINCIPLES

Any device which will change its

position as the temperature varies or

as the pressure varies, can be used as

a motor control device. A piece of metal

that expands as temperatures rise and

vice versa could be used. This move-
ment can be easily connected to a switch.

This type is too slow, however, and its

movement is so small that it is not used

in refrigeration.

A bi-metal strip is also used to pro-
duce motion as the temperature changes.

It is used where very small differen-

tials are desired, such as in a house
heating thermostat.

By using a bellows or diaphragm,
pressure changes can come from either

a confined fluid or from the low pres-

sure side of the system. This system
is the one most used, Figure 6-1. As
the pressures rise in the low side or in

the sensitive bulb due to a temperature
rise, the pressure will rise in the bel-

lows or diaphragm, and the bellows will

move to the right against atmospheric

pressure and any spring pressure pre-

sent. This movement, when connected to

a snap-action switch will cause the

switch to snap closed, and current will

flow to the motor. When the pressures
and temperatures decrease, the bellows

or diaphragm will tend to collapse, and

the toggle or snap switch will be pulled

into the open position, Figure 6-2.
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6-2. Methods of connecting a bellows to a snap action

switch. A. A toggle snap action for motor controls; B.

A magnet snap action for motor controls.

The motor control performs two

functions: (1) it maintains certain tem-
perature limits within the cabinet, and

(2) it controls the cycling time of the

refrigerating unit. To obtain these two

conditions, two different adjustments
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are used: (1) a range adjustment, the

purpose of which is to make the box

colder or warmer; (2) a differential ad-

justment, the purpose of which is to ad-

just and regulate the running time cycle

of the unit. The knob tkat is located to

permit the user of the refrigerator to

adjust the temperature, is a range ad-

justment. The differential adjustment is

generally located so that only the ser-

viceman can change the cycling in-

terval.

6-3. RANGE ADJUSTMENT

A sample of a range adjustment is

as follows: if the unit cuts-in at 25 F.

and cuts-out at 15 F. cooling unit tem-
perature, the range is the value of the

two. To make the box operate at a

6-3. Adjusting the range settings of a motor control.

A. A compression spring range adjustment; B. A ten-

sion spring range adjustment.

warmer temperature, the range adjust-

ment is adjusted so the cut-out be-

comes 16 F. and the cut-in 26 F. Note

:hat the temperatures are higher, but

the distance between the two has not

been changed. This condition will only

slightly affect the running time of the

unit due to the fact that the box is not

as cold now, and therefore, the con-

densing unit will not have to do quite

so much work.

6-4. RANGE ADJUSTMENT
MECHANISMS

The range adjustment is easily re-

cognized by the fact that it is an ad-

justable force pressing directly upon

the bellows or diaphragm which oper-

ates the switch; this force is always

being exerted upon the bellows whether

the switch is in the cut-out position or

in the cut-in position.

The adjustable force may be either

an adjustable weight that always presses

against the bellows, or, more com-
monly, it is a spiral spring with an

adjustable screw which either changes

the pressure or the tension of the

spring.

The spring may press or pull either

directly on the bellows or diaphragm
or on a lever that is attached to the

bellows. Figure 6-3.

Most of the range adjusting screws
have a calibrated dial, or have a pointer

connected to the screw that indicates

the direction they should be turned for

a warmer setting or colder setting and

the temperature of this setting.

6-5. DIFFERENTIAL ADJUSTMENT

The differential adjustment sets the

temperature difference between the cut-

out and cut-in temperatures. If the

cooling coil is set to cut-in at 2 5 F. and

cut-out at 15 F., the difference or dif-

ferential is 10 F. To cycle the machine

more frequently, one could change the

distance between the two settings as fol-

lows:

1. 1 5 F. - 24 F. (cut-in only)

2. 16 F.- 25 F. (cut-out only)

3. 16 F. - 24 F. (both cut-in and cut-

out)

Note that whenever the differential

(the distance between the settings) is

changed, the range is also changed, but

if the range is adjusted the differential
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is not necessarily affected, Figure 6-4.

If the unit turns off and on too fre-

quently and maintains a very good

steady cabinet temperature, the differ-

ential may be increased to allow less

frequent starting of the motor by in-

creasing the differential, for example,

from 10 F. to 11 F.

Referring to Fig. 6-4, the differen-

tial is adjusted in three ways: (A) the

cut-in point may be moved without

changing the cut-out, (B) the cut-out

point may be moved without changing

<2\

AAASlf

15-f

(& A

6-4. Effect of different control adjustments. A. Cut-
in setting lowered; B. Cut-out setting raised; C. Cut-in
lowered and cut-out raise'd; D. Range adjustment cut-in

lowered and cut-out lowered.

the cut-in, (C) they both may be ad-

justed farther apart or brought closer

together. One will usually find one of

these three different types of differen-

tial adjustments built into a control.

An example of (A) is to change the

15 F. and 25 F. adjustment tol4F. and

25 F. One may first turn the range ad-

justment to 14 F. and 24 F.; then change
the cut-in differential to 2 5 F. produc-

ing a new setting of 14 F. and 25 F.

Another way would be to adjust the dif-

ferential to 15 F. and 26 F., and then

change the range to 14 F. and 25 F.

Note that this will make the cabinet

become colder before it will cut-out,

but by simply adjusting the range ad-

justment to I4i F. and 2 5i F. after the

differential has been increased, one will

6-5. Various types of differential adjustment mechar
isms.. A. Cut-in type; B. Cut-out type; C. Cut-in typ

using a slot and magnet; D. Double type.

get almost the same results as in th

first setting.

An example of (B) is to change 15 F
and 25 F. to 15 F. and 26 F. One ma
first change the range from 15 F. ai.

25 F. to 16 F. and 26 F., then chanj

the cut-out differential from 16 F. ar

26 F. to 15 F. and 26 F. Or, one ma
adjust the cut-out first and thenchang
the range.

An example of (C) is to change 15 F

and 25 F. to 13 F. and 25 F. One ma
first change the differential from 15 F

and 25 F. to 14 F. and 16 F., the

change the range from 14 F. and 26 F

to 13 F. and 25 F.

A differential adjustment of the firs

two types may be recognized by the fa<

that it affects the operation of tt

switch mechanism; in the first cas<
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only when the switch is in the cut-out

position or in the second case, only

when the switch is in the cut-in posi-

tion. The third type differential adjust-

ment, which is verycotamon, is usually

an adjustable arrangelhent >vhich af-

: fects the effort of the toggle to snap off

: and on. (D) shows the effect of the range

adjustment. A range adjustment affects

both the cut-in and the cut-out.

|6-6. DIFFERENTIAL ADJUSTMENT
MECHANISMS

Two types of differential adjust-

ments have a spring that affects the

movement of the bellows either just be-

jfore it cuts-out or cuts-in, but not both.

This limited action is obtained by using

a stop on the spring, Figure 6-5.

The third type of differential ad-

justment affects both the cut-out and

; cut-in by using a spring or a magnet
to make it easier for the points to open

and close, or more difficult for the

control to open or close the electrical

contact points.

6-7. PRESSURE CONTROL

To have any refrigeration effect at

,all in the box, a low pressure must be

maintained in the cooling unit to permit

evaporation of the refrigerant at a low

temperature. Therefore, one automatic

control of the motor is based on pres-

sure differences in the cooling unit.

This is the old style domestic control

and is now used only on commercial
systems.

It operates as follows: when the

pressure builds up in the cooling unit,

a bellow expands, a switch is auto-

matically thrown, and the motor starts;

then when the pressure becomes low

enough, the bellows contract and the

I motor is automatically shut off.

The electrical switch is of either

the mercury bulb or of the open con-
1 tact point type, using a bellows-actuated

toggle. Figure 6-6. As may be seen
from the drawing, a pressure rise in
the bellows chamber will rotate the

bell crank lever clockwise and allow
the trip roller to roll up the incline on
the end of the lever, causing the con-
tact points to lower and touch the fixed

electrodes. As soon as the motor-

Pange Spring

-

Connecrinq Stud^.

BellowsAssembly

—Differential Spring

SprinqScm

Adj. Mils

SprinfS/ud

T^Q-- \Diff.Spring

ScrettNut

Contact Spring

Trip Lever

Poller

Terminal Block

8rusft/rm Lever

6-6. A low pressure operated motor control.

operated compressor reduces the pres-

sure, the bell crank reverses its mo-
tion, causing the roller to roll down
the incline after it has rolled over the

point pulling the contacts up and open-

ing the circuit.

The range adjustment will lower the

cut-in and cut-out an equal distance if

the nuts are moved out (contra-clock-

wise), and will raise the cut-in and

cut-out pressure if turned in (clock-

wise).

The differential adjustment separ-

ates the cut-in and cut-out pressure

when turned farther to the right (clock-

wise) or vice versa. This is the double

type differential adjustment. If the

spring tension is increased by turning

the nut clockwise, it is harder for the

bell crank lever to move over the roll-

er, no matter in what direction it is
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Mounting Bracket

6-7. A remote power element thermostatic motor control. This control is used in household units and small com-
mercial units. It has a cut-in type differential.

(Ranco, Inc.)

moving. This naturally increases the

pressure difference between both the

cut-in and cut-out points.

Some models of this particular con-
trol are also equipped with a safety

control. It is of the bellows construc-

tion with a pressure tap to the high

pressure side of the compressor so

that, if the compression pressure or
head pressure should be too high, this

ON -OFF LEVER (M)

ROCKER LEVER (I) ^\
TEMPERATURE
ADJUSTING CAM (E

)

TOGGLE LEVER (h)

,MAIN LEVER (G)

RANGE
-ADJUSTING
SCREW (C)

-.PRESSURE
SADDLE (F)

DIFFERENTIAL
ADJUSTING
SCREW (K)

POWER ELEMENT-(A)

MAIN SPRING (B)

6-8. A late model motor control. Note the single dial

control knob, the range adjustment and the differential

adjustment.

(Cutler Hammer Inc.)

bellows would throw the switch out of

contact, stopping the motor. This is

only a safety device for the motor. It

is especially necessary when a water-

cooled unit is used. See Chapter 19.

The low pressure type of control is

of such a nature that it is easy to ad-'

just while on the job. It can also easily

be adjusted with a vacuum pump and a
:

compound gauge after it has been re-

moved from the unit.

The adjustment of these controls M
very important, because lasting satis-

factory operation of the unit depends tc

a great extent on their accuracy.

6-8. THERMOSTATIC MOTOR
CONTROLS

Thermostatic motor controls may
be classified into three types according

to their internal construction and oper-

ation. These types are:

1. Self-contained type

2. Remote power element type

3. Double remote power element

type
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6-9. REMOTE POWER ELEMENT
TYPE CONTROL

The type of temperature control now
in use uses the same basic principles

as above, but in addition it may be

equipped with safety devices and a de-

frosting switch. Its design is also dif-

ferent in this respect: it has a remote
power element which is connected to a

bellows in the electrical control by
means of a capillary tube, but its oper-

ation is identical. That is, as the power
element warms, its pressure operates

upon a flexible bellows or diaphragm,

located in the rear of the temperature

control. This bellows presses against

an arm under spring tension; and when
the pressure becomes high enough, it

throws two silver contacts together

completing the electrical circuit and

starting the motor.

The thermostatic control using a re-

mote power element is now used in the

majority of refrigerators of conven-
tional design. Figure 6-7. The thermo-
static control using two remote power
elements is used on many units equip-

ped for automatic defrosting.

Special devices, such as over load

cut-out, automatic defrosting, manual
switch, and range adjustments, which
provide control of cooling coil temper-
atures, are incorporated in many of the

thermostatic motor controls. A modern
termperature control is shown in Fig-

ure 6-8.

After the cooling unit has become
cold enough, the power element will

cool; the resultant drop in pressure
will cause a contraction of the bellows

which in turn allows the spring pres-
sure to make the silver contacts fly

lpart. These silver contacts are built

nto a lever toggle system controlled

ay springs so that when they are opened
ind closed, they do it very rapidly with

i snapping action. They are designed
his way to reduce the arcing at the

joints.

The adjustment of this temperature
control consists merely in turning the

knob in the direction specified on the

cold control; that is, increasing the

large spring pressure will make the

unit warmer, and releasing the spring

pressure will make the unit colder.

To increase or decrease the tem-
perature difference or differential be-
tween the cut-in and cut-out points, a

small screw is located in the bottom
of the case. The more the small screw
is turned in, the less the differential,

and the more the small screw is turned

out (contra-clockwise) the more the

differential.

The differential screw adjusts the

distance the arm can move in the open

position. By turning the screw in, the

cut-in temperature can be raised or

vice versa. However, this screw has no

effect on the cut-out, as the lever is

away from the screw in the points

closed position. This differential is not

to be touched, however, unless ab-

solutely necessary.

6-10. DEFROSTING SWITCH,
SAFETY OVERLOAD

The operation of the original manu-
al defrosting switches is as follows:

to the defrosting switch button is fast-

ened a long arm; when pulled out, this

arm has a little catch on it which holds

the silver contacts apart until the con-

trol button is pushed back again.

A small ratchet rack and gear at-

tachment are incorporated in a safety

fuse or time fuse and operate as fol-

lows: directly in series with the wires

going to the silver contact points is a

heating coil which is wrapped around a

shaft holding the ratchet gear. This coil

is so designed that if the motor runs too

long or draws too much current, it will

get so warm that it heats the solder

holding the ratchet gear to the ratchet

axle; when the solder gets hot enough,

it will melt, freeing the ratchet gear.
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The ratchet rack has a spring tension

on it and when released it pulls the

rack up. This rack has a shoulder

which catches the silver electrode

lever, breaking the circuit. That is, as

soon as the solder melts, this arm will

move up, pulling the defrosting button

out and shutting off the electric motor.

Naturally, as soon as the circuit is cut,

the heating coil ceases to work, being

in series with the rest of the electrical

line, and the solder will resolidify so

that when the housewife pushes the but-

ton back in, the outfit will work as be-

fore. This particular design was prac-

tically universal in the domestic models

during the 1930's; for that reason its

operation and adjustment should be

very well understood.

6-11. SEMI-AUTOMATIC
DEFROSTING CONTROLS

During the late thirties, various de-

vices were introduced incorporating

semi-automatic defrosting. The devices

were made to do the following: (1) de-

frqst the unit, when the housewife

presses the button, and then return to

ordinary operation automatically. The

housewife has only to start the defrost-

ing; the rest is automatic. (2) Raise the

range fixed definite amount by pressingi

a button. With this action, the cooling

coil will run at a warm enough temper-
ature to permit defrosting, but will still

6-10. A combination temperature control and defros -

control. The defrost range adjustment and the temper

ature control range adjustment are shown on the case'

(Ranco, Inc.)
;

give satisfactory refrigeration. (3) A\

third system incorporates a clock ar-'

rangement that will automatically (by

time) start the defrosting and returr

the control to normal operation auto-: :

Temperature selector dial

Switch off button

Defrosting adjusting spring

Switch on button

Differential adjusting m

Defrosting adjusting

Switch toggle

Switch control rod bracket

Switch control rod

Defrosting switch

Operating points adjusting

h male contact bracket

Differential adjusting spring

Switch trip spring

Switch male contact

Switch female contact

a=£D£X^
6-9. A semi-automatic defrosting motor cotrol.

(Kelvinator Div., American Motors Corp.)
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I. The wiring diagram for hot gas defrosting using

the combination control.

latically. This latter type usually

pe rates once every 24 hours. It is

illy automatic.

A sample of the manual defrost is

hown in Figure 6-9. The range adjust-

nent is the long screw with a moving
ut. This nut is fastened to the switch

ontrol rod by means of the operating

oints adjusting spring. This spring is a

?nsion spring. The differential adjust-

aent controls the distance the toggle is

llowed to snap open; therefore, it ad-

asts the cut-in point.

JNE1

PUSH FOR _
DEFROST L
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illustrates such a specialized control.

It can be used with either the hot gas

or electric defrost systems. The con-

trol is designed to prevent the defrost

cycle from starting if the bellows loses

its charge.

6-12. FULL AUTOMATIC DEFROST
CONTROLS

There is a considerable number of

refrigerators that have a standard tem-
perature position to the cabinet and a

6-13. A solenoid valve used with thermostats for either

hot gas defrosting or secondary system control.

(Ranco, Inc.)

frozen foods section. These two pur-

pose cabinets have necessitated a new
series of motor controls. First, con-

trols had to be developed that would

give correct temperatures in both sec-

tions. Second, these controls were also

developed to produce complete auto-

matic defrost conditions.

Several different types of controls

have been developed. Frozen foods

compartments were first used in do-

mestic refrigerators during the late

30's. However, these units used a motor
control operated only by the frozen

foods coil and overflow from this coil

refrigerated the standard section of the

cabinet. One company solved the prob-

lem by using two separate refrigerating

units, each with a motor control. A

6-14. A hot gas defrost system using a solenoid valve.

The valve is open and the hot gas is passing directly

from the compressor to cooling coil.

(Ranco, Inc.)

modern motor control is shown in Fig-

ures 6-17 and 6-18.

The automatic defrosting mechan-
ism is operated on three different basic

means to determine defrosting time.

1. An electric clock which defrosts:

the unit at certain time intervals.

2. A device which defrosts the unit

based on the number of times the

refrigerator is opened.

3. A clock which runs only when the

unit is running, and which de-

frosts the unit after several hours

of accumulated running time.

6-13. DEFROSTING CLOCKS

To ease the burden of the housewife

and to permit more efficient operation

of the refrigerating unit, several com-
panies now have defrosting clocks as

standard equipment on their domestic
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refrigerators. One of the first refriger-

ators to use this device was the Sparton

refrigerator of 1933 through 1935. The
clock is of the self-starting electric

type that is connected permanently

6-15. A secondary system using a solenoid valve to

control the temperature in the plate by by-passing the

plate on temperature drop.

(Ranco, Inc.)

4-16. A separate defrost control that is used in addition

to the regular thermostat.

6-17. A full automatic defrost control. A. Electric motor

inspection hole. B. Range adjustment.

(Ranco, Inc.)

COMPRESSOR

6-18. The wiring diagram of an automatic defrost. The

top illustration is for an electric defrost system (the

motor circuit is broken during the defrost time). The

bottom diagram is for hot gas defrost (the compressor

continues to run).

(Ranco, Inc.)

across the plug connections. The clock

opens contact points in the thermostat

circuit for approximately two hours,

usually starting at midnight.

In addition to these refrigerators
with built-in defrosting clocks, clocks

are available for any make refrigerator.

They are installed by plugging them into

the power outlet and then connecting the

refrigerator extension cord into the

clock. Figure 6-19.

Cabinets with frozen foods compart-

ments will collect excessive amounts

of ice and frost on the low tempera-

ture coil, and manufacturers have de-

veloped means to defrost these coils

6-19. A defrosting clock that can be connected to the

power circuit of any domestic refrigerator. The clock is

a 24 hour unit and the defrost interval is adjusted on

the right.

(Paragon Electric Co.)
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quickly without warming the food. Hot

gas defrost systems and electrical

heating elements are the two basic

means used.

6-14. THE WIRING

Figure 6-20 is the complete ex-

ternal electrical circuit of a hermetic

refrigerating mechanism without a con-

denser fan motor. The wire is strand-

ed, usually of No. 14 wire size, and is

6-20. A' wiring diagram of the external circuit of a

hermetic refrigerating mechanism without a fan motor.

A. Two wire extension cord; B. Junction box; C. Relay;

D. Capacitator; L. Light; T. Thermostat; M. Motor.

(AIRSERCO Mfg. Co.)

rubber insulated. The extension cord

must be tightly fastened to the plug.

The other end of the cord is connected

to mechanical terminals in the junction

box. Frequently this junction box is part

of the starting relay or is under the

same metal or plastic cover. The wires

are usually fastened to brass terminals

moulded in plastic, and small brass

screws of 10-32 or 8-32 threads are

used to hold them tight. These connec-

tions must be tight, or they will cause

too much voltage drop (resistance).

Some terminals are of the spring clip

type.

When these relay covers or junction

box covers are opened, there seems at

first to be an endless number of wires

connected to the junction terminals.

But when it is remembered that the

power source, the thermostat, and the

interior light each have two leads, while

the motor has three leads, the number
of wires is understandable.

6-21. An electrical wire terminal replacement set (pliers

and clips).

The most important feature is to de-

termine whether or not the full voltage

pressure is reaching the motor. This is

done by placing a voltmeter across the

leads of the motor.

The wires usually have soldered or,

clamped terminals. These terminals

must be in good condition. A very

handy tool is a screwdriver with an

external or internal clamp so that the

screwdriver can be used for both hold-

ing the screw as it is being started in

the threaded hole, or as it is being re*-

moved from the hole. Just wrapping

THERMOSTATIC CONTROL TESTER

6-22. A thermostatic testing unit. The refrigerant cylin

der connects to the knurled nut on the left. The contrc

thermal bulb fastens to the tester just back of the mer

cury bulb of the horizontal thermometer.

loose ends of stranded wire aroum

these screws to make a connection i:

an inefficient and an unsafe practice

Such connections work loose and loos-

strands sometimes short other termin
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lis. It has been proved that old wire
.oses some of its conductivity, and the

jisulation loses its qualities. It is re-

commended that old wiring be replaced.

>-23. A thermostatic testing unit being used to test a

thermostatic expansion valve.

rire terminals that may be put on with

pair of pliers are on the market. Fig-

re 6-21.

5-15. THERMOSTAT TESTING

A method of checking and adjusting

thermostat is shown in Figure 6-22.

; consists of a clamp for the thermo-

tat bulb, a very accurate thermometer,

and a small cavity for refrigerant. With
this instrument mounted on the thermo-
stat bulb and the cavity charged with
liquid Freon 12, the little screw for
adjusting the boiling pressure, and
therefore the temperature of the Freon
12, the bulb temperature can be quickly
and accurately lowered and raised to

ascertain the adjustment of the control

and to readjust it if necessary. Figure
6-23.

6-16. ELECTRICAL CIRCUITS

The electrical circuits of the late

model refrigerators are very similar
to one another. The main portions of

the electrical system are:

a. Motor
b. Motor control

c. Starting switch

d. Cabinet light and switch

Two other devices used quite fre-

quently are:

a. Condenser motor fan

b. Ultra-violet ray lamp

£jmi

RtLM

& rJ
Control

\r

7

Light

Door Switch

Junction Box
On'CAB\N£.T

Service Coup

3-24. A complete electrical circuit of a hermetic domestic refrigeration system. This wiring diagram shows a

compressor, relay, motor control, light and door operated switch. This is a split-phase system.

(Copeland Refrigeration Corp.)
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The power is obtained through a rub-

ber covered extension cord usually of

No. 14 stranded wire. This cord is con-

nected to a junction box mounted on the

condensing unit. This junction box also

often houses the starting relay. A three

wire cord extends from the junction box

to the refrigerator cabinet. These three

wires (white, black and red or green)

are used for the cabinet light and the

DEFROST CONTROL ,cuoco..m«
PUSH TO OPERATE

6-25. A domestic refrigerator wiring diagram showing

the wiring for the cabinet light, the electric defroster,

the motor, the thermostat and the relay.

(Crosley Div., Avco Mfg. Corp.)

motor control (thermostat). It is gen-

eral practice that the black wire is the

live wire and goes from the plug, up

to the motor control. The white wire ,

returns from the motor control down
through the junction box into the relay

and then into the motor. The third wire

is red or green and carries the current

from the light switch and light back to

the white wire of the extension cord.

Figure 6-24.

A wiring diagram of a domestic re-

frigerator equipped with light and a

semi-automatic electric defrost sys-

tem is shown in Figure 6-25. Aschem-'
atic wiring diagram for a two door con-

^

struction refrigerator which has a;

thermostat operated butter warming
coil, a mullion heater to stop sweatings

around the freezer door, a light cir- .

cuit, and a four terminal 3600 r.p.m.

motor is shown in Figure 6-26. It is

important that these electrical units

be tested by using a test light only.

Never test them by shunting them out

as shunting out the resistor or relay

for only one or two seconds may per-

manently damage the motor.

6-17. RELAYS

It is impractical to use open con--'

tacts inside a sealed system as they;

may cause considerable maintenance

trouble, and in extreme cases may
cause decomposition of the chemicals

in the system under the influence of an

arc. A satisfactory solution to this

problem is in the Willaims-Ice-Matic

in which a Mercoid Switch is used in-

side the dome. Hermetic units now use

external circuit breakers or relays.

'These relays are usually of the follow-

ing types:

1. Magnetic amperage type

2. Hot wire type

3. Voltage magnetic type

The purpose of the relay is to per-

mit electricity to flow in the starting

winding of the motor until the motor
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overload

RUNNING

MOTOR - COMPRESSOR

-26. A wiring diagram of a four terminal motor-compressor. This unit has three motor windings and operates

at 3400 RPM. The capacitor is used in the larger units.

(General Electric Co.)

reaches about two thirds of its rated

jpeed, and then to disconnect or open
he starting winding circuit. See Chap-

ter 7 for motor designs. The starting

winding is only energized for 3 or 4

seconds at a time. If current flows

hrough this winding for a longer period
)f time, the winding will overheat.

Many relays have protection devices to

jrevent the starting winding from be-
ng abused. ^—OVCRLOAD THCRMAL CUTOUT

6-27. A magnetic relay system with the unit in the "off"

condition.

6-18. MAGNETIC AMPERAGE
RELAY

The original type, the magnetic type,

lses the electrical characteristics of

he motor to operate it. It is well known
:hat the running winding consumes more
:urrent when the stator is not turning

or is turning slowly. As the rotor picks

ap speed, the magnetic fields build up

6-28. A magnetic relay with spring loaded points (start-

ing position). A. Contact points; B. Spring; C. Magnetic

coil; I. Starting winding terminal; 2. Running winding

terminal; 3. Power-in terminal.

and collapse in the motor, producing a

bucking or counter electromotive force

or voltage on the running winding. This

counter EMF (Electro Motive Force)

reduces the current draw of the run-

ning winding.

The magnetic relay is an electro-

magnet similar to a solenoid valve.

Either a weight or a spring holds the

starting winding contact points open

when the system is idle, Figure 6-27.

Then when the motor control contacts

close and current flows into the run-

ning winding, the magnetic switch is

heavily magnetized and lifts the weight

and closes the contacts or overcomes
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the spring pressure to do so. This ac-

tion closes the starting winding circuit

and the motor will quickly accelerate

to two thirds or three fourths of its

rated speed. As it does so, the amp-
erage draw of the motor decreases,

OVERLOAD THERMAL CUTOUT

6-29. A magnetic relay in the open or running position.

A. Contact points; B. Spring; C. Magnetic coil; I. Start-

ing winding terminal; 2. Running winding terminal; 3.

Power-in terminal.

the magnetic strength decreases, al-

lowing the weight or the spring to open

the contact points. See Figures 6-28

and 6-29. Most of these relays have the

overload cut-out incorporated in them.

6-30. One type of resistance heated or hot wire relay.

A. Hot wire; B. Running winding bimetal; C. Starting

winding bimetal; I. Power wire connection; 2. Running

winding connection; 3. Starting winding connection; I.

Both connections open—unit has been drawing too much
current; II. Starting connection open, unit operating

on running winding only.

6-19. HOT WIRE RELAY

The hot wire relay is becoming more*

and more popular. It is a device thai

works exceptionally well. The theorj

of this control is that the elect rica.

energy can be turned into heat energy

and that it takes time to raise the tem-

perature of a substance, and also as i

substance increases in temperature, v

expands.

The hot-wire relay uses a speciall;

calibrated wire (A) Figure 6-22, of high

oxidation resistance.

Two bi-metal strips are mountec

near this resistance wire. One bi4

metal strip controls two contact points

in the starting winding circuit (C), the

other is in the running circuit (B). Wher

the relay is closed, both sets of points

are closed, and as the thermostat points

close, electricity flows through the hoi

wire along both bi-metal strips and in-

to both the starting and running windings

(L). As all this current passes through

the wire (A), it heats up, and it is ex^

actly sized so that it heats just enougl

to make the starting winding bi-meta!

strip (C) bend as the motor reaches its

proper speed (two thirds to three

fourths of full speed) and the starting

winding contacts open (2). The currer??

going through the hot wire now de-i

creases, and the running winding bi«

metal (B) does not move enough to open

However, if the compressor is over-

loaded, or if for any other reason tht

running winding draws too much cur-

rent, the resistance wire will heat up

enough to make the running winding

bi-metal strip open, and the unit is

shut off. Because it takes time for the

hot wire to cool and heat, and also for

the bi-metal strips to cool and heat, it

is necessary to wait for the tempera-

tures to change before trying to make
the hot-wire relay function again dur-

ing any testing.

Another type of hot-wire relay oper-

ates on the same general principle, with
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an adaptation of wire under tension to

operate the contact points. Figure 6-31.

This wire by its tension when cold,

keeps both sets of^contact points closed

popularity especially in the larger units.

It is also called a potential type relay.

Figure 6-34. This relay looks some-
what similar to the amperage relay,

POSITION I

HOTWIRE RELAY

6-31. A hot-wire relay and its three operating positions. I. Starting; 2. Running; 3. Overload.

(Gibson Refrigerator Co.)

(1). As the current passes through the

wire, it heats and expands or stretches

at a very carefully predetermined set-

ting, the stretch of the wire opens the

starting winding contact points, (2) and

if the motor should use an excessive

amount of current, the wire will stretch

or expand enough more to open the run-

ning winding contact points (safety cut-

out)(3). Some units that use the Delco
hot-wire relay are Crosley, Gibson,

Kelvinator, Norge, Philco, Stewart-
Warner, Tecumseh and Universal Cool-

er. Figures 6-32 and 6-33 show com-
plete wiring diagrams of refrigerators

using hot wire relays.

S-20. MAGNETIC VOLTAGE RELAY

The voltage relay is growing in

but its operation is based on the in-

crease in voltage as the unit approach-

es and reaches its rated speed. This

relay remains closed on the off cycle,

and this feature is its biggest advan-

tage. If the points are closed when the

thermostat turns on the power, there

should be no arcing of the relay points

as quite frequently occurs with the

amperage relay. As the motor speed

increases, the higher voltage creates

more magnetism in the relay coil pull-

ing the contact points apart thereby

opening the starting circuit. The relay

coil is connected across the starting

winding and is made of small wire so

very little current passes through it,

thus minimizing the heating of the coil

and core.

Three popular relays on the market
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TH ERMOSTAT
COMPRESSOR

6-32. The hot wire relay. The hot wire is located just

under terminal L and is horizontal. A very slight length-

ening of the wire due to heating by electricity causes the

starting points at S to open. Then if the wire lengthens

any more the points at M will snap open stopping

the unit.

(Kelvinator Div., American Motors Corp.)

6-34. Magnetic voltage relay. The points (C) are closed

on the "off" cycle due to the permanent magnet or

weight (A) on the right of the rocker arm. When the

unit starts the points will be forced open then the volt-

age increases enough in the coil (B) to pull the points

apart.

(Copeland Refrigeration Corp.)

are the Delco hot wire relay, The Gen-
eral Electric amperage relay, and the

Klixon amperage relay. Figure 6-35

shows the wiring connections to these

three relays.

THERMOSTAT

I 18 V LINE

1st series- fusite terminal system

6-33. A complete wiring diagram of a refrigerator using a "hot wire" relay.

(Kelvinator Div., American Motors Corp.)
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each distance. This pressure drop in-

dicates the energy lost pushing the

water that distance. Between gauges C
and D the pressure drop is greatest,

because additional effort is needed to

push the water around the fourbendsin
the pipe.

'rOn
r^Vn

6 WJIIO

r*h *'&-*>

l~^~r—®7~/JL f~&~\

6-37. Electricity flow showing how potential (pressure),

resistance, and potential (pressure) drop operate in a

system. I. Electricity not flowing with switch I closed

and 2 open. Pressure to ground is I 10 volts, but other

pressure drops are 0; II. Electricity is flowing with

switches I and 2 closed. Pressure drop at A, B, and D
is I volt each and the resistance at C has a 107 volt drop.

In Figure 6-37 a similar setup is

drawn, but this time for an electrical

system. It is important to remember
that electricity is furnished by elec-

trical companies either at a 110-volt

pressure or at a 220-volt pressure.

This electricity comes into the build-

ing as one white wire and one black

wire for 110 volts. It is wired so the

white wire is also connected to the

ground. The black wire is the hotwire,

and a voltmeter between it and ground
will show 110 volts. The 220-volt cir-

cuit usually consists of three wires;

two black and one white. The voltage

pressure (voltage) between the two
black wires is 220 volts while the pres-
sure between either of the black wires
and the white wire is 110 volts. Fre-
quently, however, the white wire and

black wire in a building become con-

fused, and one must use a voltmeter

or test light to indicate which wire is

hot and which is the ground wire.

As most electric refrigerators are

plugged into wall receptacles, it may
not be known which lead or wire is hot.

Reversing the plug will sometimes min-
imize radio noise and, in some ex-

treme cases, even cause the unit to

operate better. In Figure 6-37 a black

wire extends from the switch at point

G to the right side of the resistance,

light bulb or motor at point C. The
switch at point (1) is closed, but the

one at point (2) is open. The potential

or voltage is 110 volts up to the num-j

ber 2 switch. However, no electricity'

is flowing (open circuit) and, there-'

fore, there is no voltage drop along the

line. Voltmeters A, B, C and D sho\\

no voltage (there is no pressure dif-i

ference between their connections to the ;

main line). The voltmeters at E, F, and

G show the full 110 volts, because tha -

is the pressure difference anywhere
along the line and the ground. In Part I]

the switch at (2) is closed and curren'

starts to flow through the circuit (clos-

I

ed circuit). Note that now there is i\

small voltage drop at A. This voltage

6-38. The two types of test lights. A. This is a light bull

25 watt heavy duty connected to the two prongs; B. Th

test light is connected to an electric power source an

is used to check circuits not connected to a power sourc

(Franklin Mfg. Co.)

drop occurs in any line in which cur
:

rent is flowing. If the line is larg

enough, the voltage drop is very sma!

(.001 to .0001 of a volt). If the line i,
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small for the current flow, the voltage

drop will be greater. Usually an under-

sized wire may be detected by the fact

that it gets warmer than usual while

current is flowing. The voltage dif-

ference between the line" and tbe ground

, is less at F and E because of the volt-

age drop in the line up to these measur-
ing points. At C the voltage drop is 107

j
volts, the remaining pressure differ-

ence between the hot wire and the

ground. Note that if there was more
voltage drop at A, B and D, the voltage

;
at C would be less. This is one serious

source of motor trouble. If a motor is

.designed to operate at 90 to 110 volts

and the voltage drop in the circuit is

.large, the motor voltage may be so low

.at the motor that the motor will lose

; 5peed and start slipping its magnetic
.fields. This causes the magnetic fields

:io grow large at the wrong time, and

the motor will heat up fast, and it may
; even burn up.

It is vitally necessary that the ex-

ternal electrical circuits of the re-

frigerator are in good order and of the

proper capacity. All the connections

must be good, electrically speaking.

J In actual practice a voltmeter using

several scales and with needle point

eads should be used to check voltages

ind voltage drops. This voltmeter
should have a 150 volt scale.

S-22. TEST LIGHTS

One of the best methods to test

electrical circuits without causing any
lamage is to use a test light. Figure
i-38. Test light "A" is used where the

; levice being tested is connected to

J
'lectrical power. For example, if the

'efrigerator is plugged in and won't

start, this test light is used to deter-
nine if power is coming to the wall

• : mtlet. The lighting of the light indi-
''•. "ates power is available up to the wire
Probes. If the wall outlet has power
hen the open circuit is in the refriger-

ator. Plug the refrigerator into the wall

outlet. Use the test light to see if power
is coming to the end of the extension

cord that fastens to the junction box or
relay terminals. Continue this testing

until the open spot in the circuit is

found.

Test light "B" is used to check
electrical devices that are not con-

nected to power. This test light is then

connected to a power source. If the bulb

lights when the probes are touched to-

gether, the test light is functioning. To
use this light put one probe on one end

of a wire and the other probe on what-

ever that wire is supposed to connect

to. If the bulb lights the circuit is con-

tinuous.

6-23. SERVICING RELAYS

The servicing of relays is mainly to

determine if they are defective, and

then to replace them with an exact re-

placement. These relays are very ac-

curately designed to fit the unit. The

wire size, the contact point area, and

the spring tension or weight plus the air

gaps must be very accurately set. A
very slight difference in weight or

spring tension, for example, may ne-

cessitate a hundred revolutions differ-

ence in the functioning time of the

points if they function at all. The most

effective way to determine if the relay

is causing the trouble is to check all

the other parts of the circuit, i.e., the

motor, the capacitor, the overload cut-

out, and the thermostat.

It is very necessary to keep the re-

lay cover in place; never discard it, as

dust collecting on the contact points will

quickly burn the points resulting in too

much voltage drop across the points and

poor functioning of the control. The
weight-type amperage relay must be

mounted in a straight up and down posi-

tion so the plunger will not rub and

bind against the sides of the relay body,
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Figure 6-39. The relay should open in

approximately three seconds if it is

functioning correctly, Figure 6-40.

When replacing the relay, it is im-
portant to disconnect the power supply,

to label each wire as it is disconnected,

and to use the correct size screw-
driver. The terminals are usually num-
bered, and a tag or clip on each wire
with the corresponding number makes it

easy to rewire the new relay. Masking
tape is very useful for labeling wires.

Inasmuch as a dropped screw is some-
times hard to locate, it is recommended
that the screw holding type of screw-
driver be used.

6-24. OVERLOAD PROTECTION

Refrigerating systems must be pro-
tected against too much current draw or

against overheating. Chapter 7 des-

cribes these overload devices in detail.

6-25. TROUBLES

The troubles that may be encounter-

ed in thermostats are: (1) corrosion

occurring at the contact points causing

a poor electrical circuit, which does not

allow the motor to run. This trouble may

be remedied by sanding the points with

sand paper, not emery cloth, and it is

6-39. An amperage-magnetic relay. The plastic housing

contains a magnetic coil with a movable center. Only

when current first flows is the magnetism strong enough

to raise the center piece and close the starting winding

circuit. The device at the right is an overload cut-out.

(Copeland Refrigeration Corp.)

6-40. An amperage-magnetic relay. This control keeps

the starting winding points open by means of a cantilever

spring. Only when current first flows through the mag-

netic coil is the magnetism powerful enough to lower

the spring and close the starting circuit at "A." If the

unit consumes too much current, the resistance wire coil

"B" will heat and bend the bimetal strip "C" and open

the circuit at "D."

(Copeland Refrigeration Corp.)

advisable to use as fine a grade as can

be obtained. A very fine mill file ma>
also be used to clean open contact

points. (2) The overload protection de-

vices may also have dirty contac

points, and poor current flow will re-

sult. (3) the power element and bellows

frequently lose their charge throug
some leak. This may be detected, be-

cause, if the charge is lost, the bellows

are very easily compressed with one's

fingers. If the bellows were charged;

the pressure inside would probably be

around 7 5 pounds per square inch or

more, and finger pressure would not

affect it. In the event of leakage, re-

place this part of the switch. (4) Fre-
quently the bellows is not screwed up

tightly into the socket, causing a total

change of temperature range before

the motor will cut-in and cut-out. The

servicing of these particular types of
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switches is rather difficult; it is there-

fore the best policy simply to replace

$he complete unit.

The power element must be firmly

clamped to the cooling coil. Good

thermal contact must be obtained be-

tween the thermal bulb and the coil.

Many cooling coils have metal sockets

into which the thermal elements are

inserted.

26. REVIEW QUESTIONS

1. What kind of motor control must

be used with an automatic expan-

sion valve? Why?
2. In what way are the pressure and

the thermostatic types of motor

controls essentially similar?

3. What two purposes does a motor

control serve?

4. How many types of differential

adjustments are there?

5. What are thermostatic motor

control bulbs charged with?

6. Why are starting relays used in

connection with hermetic motor
controls?

7. What does the range adjustment

control?

8. What does the differential adjust-

ment control?

9. What provisions are built into the

motor controls to protect the

motor from drawing too much
current?

10. Will turning the cut-in differen-

tial affect the cut-out tempera-

ture?

11. Will turning the double type dif-

ferential affect the cut-out tem-

perature?

12. Are clocks used to provide auto-

matic defrosting?

13. What is another name for a re-

lay?

14. How many types of relays are in

use?

15. What type screwdriver is re-

commended for small terminal

screw handling?

16. How may a thermostat be quick-

ly checked?

17. Why is a relay necessary for

hermetic motors?

18. What is the voltage drop?

19. Why does a loose connection be-

come warm?
20. Which magnetic relay coil uses

the largest size wire?

21. Does a hot wire relay have to be

mounted level? Why?
22. How should open contact points

be cleaned?

23. Why do the electrical wires have

different colored insulations?

24. Is the current draw more when

the motor is starting or when it

is running?

25. Is the voltage drop more when

the motor is starting or when it

is running?
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6-27. ELECTRONIC WATCHMAN

There is an ever present hazard in

connection with all refrigerated cab-

inets or containers. This hazard is

possible failure of some part of the re-

frigerating mechanism and the conse-
quent loss of perishable commodities.

Quite a number of refrigeration in-

stallations now include some kind of de-

vice which warns the owner or operator

when some of his refrigerated stores

are warming to a dangerous tempera-

ture. Many of these devices depend on

dry cells for their operation. Such in-

stallations may deteriorate. If the dry

cells are not replaced periodically

they may fail to give a warning signal

when needed. A transistor warning de-

vice has been developed which requires

very little current for its operation and

can be depended on to give warning if

needed. Fig. 6-41 shows a transistor-

type warning device designed for use

with six separate fixtures.

6-41. A transistor warning device which will indicate

trouble conditions by energizing warning lights on a;

temperature rise.

(Kidde Ultrasonic & Detection Alarms, Inc.)
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Chapter 7

ELECTRIC MOTORS

The compression type refrigerating

system must have a power source or

energy source to turn the compressor.
Many means have been used, such as

man power (Boer War in Africa),

steam engines, diesel engines, gasoline
engines, electric motors, etc. The
electric motor is the most popular for

the small and medium size units be-

cause of its simplicity, quietness, and

ease of automatic control. The electric

motor changes electric energy into

mechanical energy.

7-1. ELECTRIC MOTOR
APPLICATIONS

Electric motors used to operate

refrigerating systems may be classi-

fied as open motors or sealed-in (her-

metic) motors. The open motor drives
the compressor directly or by means
of a belt. The sealed-in, or hermetic
motor, is installed inside the com-
pressor dome and usually drives the

compressor directly.

7-2. TYPES OF ELECTRIC MOTORS

Many types of electric motors have
been used with refrigerating mech-
anisms. The most popular types used
are:

1. The split-phase motor
2. The repulsion-start induction

motor
3. The capacitor-start motor
4. The capacitor-start, capacitor-

run motor
5. The shaded pole motor
6. The direct current motor
The repulsion-start induction

motors have been used since 1918.

These were the only motors recom-
mended for the conventional belt-driven

compressor until a few years ago. One
exception was an early Copeland unit,

which used an induction motor on a

belt-driven unit and had a centrifugal

clutch pulley which allowed the motor
to start without a load.

Direct current motors are used in

localities which are supplied with direct

current only.

The capacitator motor is now being

used extensively in place of the repul-

sion-start induction motor and it is used

almost exclusively in the hermetic

machines with a starting winding to

take up starting loads.

7-3. BASIC ELECTRICITY

Before one can understand motors,

one must know some basic electricity.

Electricity is a form of energy.

All matter is made of molecules;

all molecules are made of atoms.

Finally, all atoms are made of electrons

and protons. Electrons are negative

charges of electricity. Protons are

positive charges of electricity. If an

atom collects an extra electron for a

moment, it is negatively charged. If an

atom loses an electron momentarily, it

is positively charged. The electrons
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travel from surplus electron atoms to

an atom with a lack of electrons.

Electricity is the flow of these

electrons or negative charges. The
number of electrons that flow are

called coulombs (it is calculated that

6,900,000,000,000 electrons equal one

coulomb). One coulomb flowing for one

second equals one ampere. The ampere
is known as the quantity of electricity.

If there is a large excess of protons,

and electrons move to make up the

difference; the eagerness with which

they move or their desire to move, it

is called voltage or pressure differ-

ence.

Electric current consists of elec-

trons traveling in a conductor either

solid, liquid, or gas. Electrons are the

revolving particles of an atom. They
revolve around a center made of pro-

tons. Electrons are attracted by pro-

tons. Therefore, electrons will flow

toward a substance that is temporarily

short of electrons (has an excess of

protons).

Electricity can be created from the

other energies such as heat energy,

mechanical energy, etc. Any method
which produces an unbalance in the

electrons or protons causes an elec-

trical potential.

Electricity is related to magnetism.
If a wire cuts a magnetic field, elec-

tricity is produced in the wire, and

conversely, if electricity is passed
along a wire, a magnetic field is

created around the wire. By correctly

using the magnetism created by elec-

tricity, we can make an electric motor
(turn electrical energy into mechanical
energy) or an electro-magnet (solenoid

valves, relays, etc.).

Electrical engineers and scientists

have established standard voltage sys-
tems for use in homes and industry.

Most systems operate at a 115 volt

pressure difference and in some areas

at a 230 volt difference. This pressure
difference permits substantially built

electrical apparatus to operate fairly

efficiently.

There are two kinds of electricity

used today. Direct current (D.C.) means
that electricity flows in one direction at

all times; alternating current (A.C.)

means electricity that for one instant

flows in one direction in a wire, and in

the next instant flows in the other

direction. Normally A.C. cycles each
one sixtieth of a second (60 cycle).

This cycle means that for 1/120 of a

second the current will flow in one

direction and for 1/120 of a second it

will flow in the other.

7-4. VOLTS

The desire of electricity to flow is

called electro-motive-force and is in-

itialed EMF.(E) The unit for EMF is

volt. A dry cell has an EMF of l|

BATTERY

7-1. A simple electrical circuit with a one cell battery,

two wires or conductors and one lamp.

volts, a wet cell has an EMF of 2.1

volts, and most household electricity

has an EMF of 115 volts.

7-5. AMPERES

The number of electrons flowing in

the conductor is called coulombs. If

one coulomb flows or drifts along a

conductor each second, this rate of

flow is called amperes and is the

intensity (I) of the electricity. Ampere
flow is also known as current.
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7-6. RESISTANCE

The difficulty that the electrons

encounter drifting in a conductor is

called the resistance. (R) Energy is

wasted by this resistance and is re-

vealed by the heating of the conductor

(as the electricity flows in it. The unit

for resistance is the ohm. If it re-

quires an EMF of one volt to cause a

current intensity of one ampere to

flow, the resistance of the conductor is

one ohm.

7-7. OHM'S LAW

The relationship between the volt,

the ampere, and the ohm is known as

Ohm's Law. It has been found that if a

wire one foot long will allow one

ampere to flow with an EMF of one

volt, this same wire will allow two

amperes to flow if the EMF is two

volts. Therefore, it seems that the

EMF is the product of the intensity

(amperes) times the resistance (Ohms)

or:

EMF = intensity X resistance.

E = IR
and therefore I - E

R
and therefore R = E

1

One may learn from this basic law

that if the resistance stays constant,

the current can only be increased by

increasing the voltage. Also, if the

resistance becomes very small in a

circuit, the amperage will become very

high. For example, a 1/3 H.P. motor
draws 4 amperes.
E =IR

115 =4 x 30

If a short occurs so the resistance is

reduced to 5 ohms, the current must
increase to 23 amperes, and if the fuse

doesn't "blow," the motor windings will

become too hot as they try to carry
this excessive current, and the insula-

tion will burn up.

7-8. CIRCUIT

An electrical circuit is a complete
path or paths for the electrons to follow.

It might consist of a battery, two wires,

and a lamp. When the wires are con-
nected from the two lamp terminals to

the two battery terminals, the lamp will

light, indicating that current is flowing

out of the battery along the wire,

through the resistance in the lamp, and

back to the battery along the other

wire, Figure 7-1.

To have electrical flow one must
have a circuit. A circuit is anelectrical

flow that leaves an electrical source

(battery, generator, or induction coil)

and returns to the same source. Con-
tinuity is the term applied to a con-

tinuous path for the electrical flow.

When the circuit is complete, it is

called a closed circuit, and there is a

complete path for the electrons to

follow; or it may mean a continuous

£L£CT/ZO/v

7-2. Showing the relationship between electron flow

and magnetism.

circuit. The closed circuit is known as

having continuity. An open circuit is an

interrupted circuit moaning one with an

open switch or a broken wire. A short

circuit is that condition where the

electrons have a short cut to follow to

get back to their source. As an example,

a small wire could be put across the

terminals of the lamp. Because most
of the electrons flow along the path of

least resistance, the wire will now
carry most of them, and the light will
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go out. The amperage flow will greatly

increase (because of a decrease in

resistance), and usually trouble occurs.

Another more common example is the

touching of two adjacent wires. Aground
is where a wire touches some of the

metal structure of the device. An
example is a bare field winding wire

touching the frame of the motor.

7-3. Generation of current. The wire loop (I and 2) is

turning clockwise. As the wire near the N pole cuts the

lines of flux, the flux is bent clockwise around the wire.

As the wire near the S pole cuts the flux lines the lines

bend around the wire contra-clockwise. The left hand
rule then determines direction of electron travel (broken

arrow lines). When the. loop turns '/2 revolution or 180°,

the wire (I) will now bend the flux lines and produce
current flowing in the opposite direction.

7-9. ELECTRO-MAGNETS

All magnets have two poles or areas

of magnetic intensity. These poles have
unlike magnetic characteristics. They
are called North and South poles due to

the fact that the magnetic poles of a

compass are attracted to the North and
South magnetic poles of the earth. Like

poles repel each other (two South poles

or two North poles). Unlike poles

attract each other (a South pole is

attracted or pulls toward a North pole).

If a wire is coiled around a steel

core (of a good magnetic material), and

current is passed along the wire, the

core becomes magnetized.

Figure 7-2. The power of the mag-
net is controlled by the number of

turns of wire around the core and by the

number of amperes flowing along the

wire. A soft iron core increases the

power of the magnet as it aids the

magnetic lines of flux to concentrate

in the core. The core is made of layers

of soft iron, because these layers keep

internal magnetic circuits to a mini-

mum, and these localized eddy currents,

prevent overheating of the magnet.

7-10. DIRECT CURRENT

There are electrical circuits in

which the current flows in one direction

all the time. This direct current is the"

type of current that is produced by dry
:

cells, storage batteries, etc. Some,

power companies still produce and

sell direct current (D.C.), but its use is

fast disappearing in the electrical

power industry.

7-11. ALTERNATING CURRENT

When the current first flows in on<,

direction along a conductor and thei

reverses itself and flows in the opposite

direction along the same wire, th<.

current is said to alternate its directioi

of flow. Alternating current (A.C.) i:

the type of current that all generator;

produce, because the wires of thf

generator first cut the magnetic field i

one direction and then in the othe,

direction, thus producing an alternat

or opposite flow for each revolution o

for each magnet passed, Figure 7-3.

7-12. CYCLES

If the electricity flows for 1/.

second in one direction and then fo

1/2 second in the other direction in ;

wire, it is called one cycle. Mos
electricity is created at 60 cycles

which means that in one second th

electricity flows 60 times one way an
60 times the other, or 1/ 120 of asecon
one way and then 1/120 second th

other way.
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This reversal of the current flow

can be shown by a graph, Figure 7-4.

This drawing shows a sine wave of

60 cycle alternating current.

Note that the current flow is zero

at the start and that th€ current builds

to a peak (the wire is now perpendi-

cular to the magnetic lines of force).

Then the current tapers off to zero at

the end of 1/120 of a second. As the

wire crosses the magnetic lines in the

opposite direction, the current in-

creases again, but in the opposite

direction. At the end of 1/60 of a second

the current flow is again 0. The cycle

will now repeat itself.

7-13. INDUCED MAGNETISM

A property of magnetism is that it

produces magnetism in some other

metals near it, Figure 7-5.

In this figure, the permanent magnet

is surrounded by its magnetic field, but

the mild steel piece has no magnetism.

If the mild steel piece is put near the

permanent magnet or is touching it, it

too becomes a magnet. Thus any mater-
ial that is able to be magnetized will

become a magnet if immersed in a

magnetic field. It must be remembered
that a magnetic field's power decreases
as the square of its distance from the

source; that is, a magnetic field is four

TIME
faSECQNOS

times stronger, 3 in. from a magnet,
than it is 6 in. from it. (6/3)

2 = 22 =4.

Or if it is nine times as strong at 3 in.

away as at 9 in. (9/3)
2 = 3

2 = 9.

This magnetic inducing or induction

is used in electric motors by making the

rotor of mild steel, etc., where mag-
netism is induced by the magnetism of

the stator magnets or field windings.

Induced magnetism is useful in

electric motors, because, by putting

electrical windings on the field poles,

magnetism can be created or induced

in the rotor. There is a very slight

time delay in this induction, and, there-

fore, if the rotor is once started

turning, the rotor will continue to turn,

because the field pole (stator) is always

opposite in polarity. By the time the

field pole changes its polarity, it in-

duces an opposite pole in the stator,

which repels the rotor pole toward the

next stator pole, which has become an

7-4. A graphic picture of the flow of 60 cycle current.

The peaks of the curve are those times when the con-

ductor is moving at right angles to the magnetic lines

of force.

7-5. The magnetic fields surrounding magnets. A. Lines

of force from N to S; B. A mild steel nonmagnetized
steel bar; C. Magnetism induced ih the mild steel bar;

D. Another sample of induced magnetism.

opposite pole. The rotor will turn

almost the full distance between the

two poles before the induced magnetism
can be changed. It is also important

that the magnetism takes time to build

up to its magnetic strength because of

the 1/120 of a second it takes the

magnetism to change from full strength

N to a full strength S pole.
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7-14. THE ELEMENTARY ELECTRIC
MOTOR

Electrical energy can be changed to

mechanical energy in a device called

an electric motor. This change is pro-

duced by changing the electrical energy

into magnetism. Because like poles

repel (N repels N and S repels S), and

because unlike poles attract (N attracts

S and S attracts N), one can produce

motion by putting one magnet on a shaft

and mounting another in a fixed posi-

tion.

Figure 7-6. The bar magnet on the

shaft will turn until its S pole is close

to the fixed N pole, and the shaft bar

magnets N pole is near the fixed Spole.

Because the fixed magnets are station-

ary, they are called stator; because the

other magnets rotate, they are called

the rotor.

The rotor will now stay in the

vertical position unless something is

changed. If the magnetism of the stator,

or of the rotor is now changed, the

shaft will rotate another 1/4 turn.

The magnetism is changed by using

electro magnets instead of permanent
ones, Figure 7-7. Now, when the rotor

reaches the vertical position, the alter-

nating current reverses, due to its

\T
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7-6. How a magnet mounted on an axis will turn when

put in another magnetic field.

cycling, and the stator polarity re-

verses. The stator N pole is now near

the rotor pole, and they will repel each
other. The S pole of the rotor is now
near the S pole of the stator, and they

will repel each other. The rotor will

now turn or revolve one half a revolu-

tion or 180 degrees. If the rotor turns

1/2 a revolution during 1/2 of 60:

cycles, then it turns 1/2 turn during;

1/120 of a second. It will then turn 60

revolutions per second or 60 x 60

seconds, 3600 revolutions in one minute.

If four poles are used in the stator,
'

the motor will only turn 1800 revolu-

tions per minute, because the rotor will

only turn 1/4 of a revolution in 1/120

of a second, Figure 7-8.

7-15. THE MOTOR STRUCTURE

Before each type of motor is studied,

it is necessary to know the physical

make-up of the motors.

The two main parts of a motor are

the stator and rotor. The stator is

also known as the frame. This frame

is usually cylindrical in shape. The

field poles which have the field windings

on them are usually fastened to this

stator and are a part of it. The identi*i,

fication plate is also mounted on thf

stator. The mounting device is mounte,

on the stator.

The rotor is the revolving or rotat I

ing part of the motor. It is sometime'

called an armature. This rotor i

mounted on a shaft and the shaft i'

equipped with two journals for th<

motor bearings.

The ends of the motor usually hol<

the bearings which the rotor shaft turn:

in. These end bells or end plates ar<

fastened to the stator or frame. The en<

bells are carefully lined up to thi

stator because the bearings must b<

accurate to provide .001 in. to .002 in

clearance between the field poles an

the rotor. The motor bearings ar
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7-9. A repulsion start-induction run motor. A !/2 H.P.

motor with a rigid motor mount one quarter cross section.

(Wagner Electric Corp.)

Iron end bells or end frames are
carefully fitted to the stator by means
of machine screws. Some of these

machine screws extend the length of the

stator and attach the two end bells

together. The machined face of the

stator and the end bells insure perfect

alignment. These end bells hold the

rotor bearings (they are actually bush-
ings) or hold the ball bearings in which
the shaft revolves. The bronze bushings

are lubricated with No. 30 SAE or 300

viscosity oil.

One of the end bells also holds the

brush mechanism or centrifugal switch

mechanism. The other end bell has a

through bushing, and the rotor shaft

extends through this bushing and is

carefully machined to the shaft dia-

meter. This shaft extension also has a

flat keyway machined in it, or it has a

flat spot machined for an inch or two of

its length. The pulley fits on this shaft

extension, and a key or a set screw
prevents the pulley from slipping on the

shaft.

7-19. FOUNDATION

A solid substantial foundation should

be provided for the installation of any

motor. When the motor is mounted
upon the foundation, it should be bolted

down securely; when so fastened the

armature shaft should be level for a

horizontal motor and should be plumb
for a vertical motor.

Refrigeration motors are commonly
mounted on a steel base which also

holds the compressor and the con-

denser. A rubber or spring suspension

is often used on the motor to reduce the

vibration and to take up the starting

torque. Some motors are mounted om
cradles, and springs are used to give

automatic belt tension. An innovation is I

to mount the motor on a cradle in suchU

a manner that, as the motor starts, the ;

extra torque loosens the belt, and the

belt tension returns to normal when the

motor reaches its full speed.

7-20. MOTOR LUBRICATION

Open motors are lubricated in vari-,

ous ways based on the type of bearing

used and the position of the motor.

Open motors using bronze plain bush-

ings are lubricated in two different

ways: (1) Wick system, (2) Slip ring

system.

The wick system uses a well or

reservoir in the end bell and a wick

(cotton or wool yarn) carries oil frorr

this well to the top of the bushing anr,

shaft. This system permits long inter-

vals between servicing bearings, andi

prevents excessive oiling of the bear

ing.

Motors equipped with this system o

lubrication, when shipped from th<

factory, have the cotton or wool yar 1

saturated with oil. However, before

starting the motor, the oil wells shoulc

be filled by adding alowly to each oi

well the amount of oil designated on th<

tag attached to the motor, or until oi

appears in the lower oil level cup.

If the bearing is removed from th<

shaft, the yarn should be lifted from th

bearing before replacing the shaft in th

bearing to prevent its being force
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between the shaft and the bearing. When
replacing the yarn, equal amounts
should be packed on each side of the

bearing, and so located over the slot of

the bearing that the spring on the oil

well cover will press tne yarn down on

the shaft. Wick lubricated bearings

should be oiled every six months.

Many of the older model refrigera-

tion motors used the ring lubricating

: method. A brass ring rests on the

motor shaft through a slot in the top of

the bearing. The ring is large enough

to dip into the oil pocket below. As the

: motor shaft turns, the ring revolves

slowly and the wet portion lubricates

the bearing. Be sure to check the rings

when working on these motors. Use a

medium grade automobile oil for a

lubricant.

Some motors use ball bearings.

These bearings are grease lubricated.

Most of them are sealed bearings and

do not require any lubrication service.

Some, however, are equipped with

grease cups and can be grease gun

lubricated. These motors when new
are supplied with enough grease in the

bearings to lubricate them for a number
of months. A small amount of grease

should be added every two or three

'months. Use a high grade "Medium"
grease on fully enclosed motors. Too
much grease will overheat the bearings

.

The life of the bearing depends on

cleanliness. Use only clean grease and

keep all dirt out of the bearing. Clean
all the connections before using the

grease gun.

7-2,. CLEANING THE MOTOR

The motor in service should be
:leaned periodically. Dust and lint in

he motor will prevent proper air

irculating through the inside of the

notor. Compressed air or a hand-
•ellows should be used frequently to

•low all the dirt out of the motor. Any

oil which may overflow from the bear-
ings should be wiped from the motor.
A little attention in this regard will

result in continued satisfactory operat-
ing results and enable the motor to give
the best service for many years.

If the motor is dismantled, all the
parts should be carefully cleaned prior
to being worked on and prior to assem-
bly. Cleaning fluids must be used that

are not harmful to the electrical in-

sulation material.

All cleaning fluids should be used in

well ventilated and fireproof situations.

Only sufficient cleaning fluid for the

job should be used as any excess may
be dangerous.

7-22. PULLEYS

The pulleys that are mounted on the

motor shafts are available in a variety

of sizes and construction. Some are
made of cast iron and some are fabri-

cated of steel stampings. They are

7-10. A standard Vee pulley using a set screw fastening

device.

(Maurey Mfg. Co.)

made with several shaft size openings

and in a large variety of diameters.

The pulleys are also made with and

without fans.

The most popular shaft sizes are

1/2 in., 5/8 in. and 3/4 in. diameter.

Practically all pulley bores have a

keyway and a set screw. The set

screw usually has a 5/ 16 in. NC thread.
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The pulley sizes vary from 2 in.

diameter to a 5 1/4 in. diameter in

1/4 in. increments. Larger sizes up to

15 in. diameter are available.

The V-pulleys come in two popular
widths. The "A" width is for belts up

to 17/32 in. width while the «'B" width

is for belts that are 1/2 in. to 11/16 in.

wide.

Multiple groove pulleys are avail-

able for units that use two or more
belts to drive the flywheels. Some air

conditioning units use step pulleys. By
changing the belt from one groove to

another, the speed of the fan can be

varied.

7-11. A double belt Vee pulley. Both grooves are ad-

justable and enable a variety of speeds.

(Maurey Mfg. Co.)

Special pulleys that are of variable

pitch are also available. These pulleys

are made with one half of the pulley

threaded on the hub of the other half,

Figure 7-10. A set screw locks the

variable half in place when it is adjust-

ed. By turning the variable half, the

V- groove can be widened to permit the

belt to ride closer to the hub and thereby

reduce the speed of the driven flywheel

or pulley. The speed of the driven unit

can be varied by as much as 30% using

these pulleys. Figure 7-11 illustrates

a double groove variable pitch pulley.

Bushings are available to adapt

large bore pulleys to small shafts;

for example, a bushing can be used to

reduce a 3/4 in. bore to a 1/2 in. bore.

7-23. BELTS

The most popular way to drive the I

conventional compressor is to use the

V- belt. These belts are made of

rubber, layers of fabric, and cord.

Some belts are a mixture of natural

rubber and synthetic rubber.

The belts are made in a multitude

of lengths varying from as short as

15 in. outside length to as long as

364 in. outside length. The outside

length is the complete distance around

the outside of the belt. A steel tape, a {

cloth tape, or a special belt measuring

fixture can be used to quickly determine

the length of the belt.

Most belts are in one of two standard

widths. This width is the widest or

outside width of the belt. The two

widths are "A" 1/2 in. wide and "B"
5/8 in. wide. However, many special

width belts have been made such as

33/64, 9/16, 37/64, 19/32, 5/8, 41/64,

23/32, 3/4, 7/8, 29/32, and 31/32.

A few applications use the "C"
width belt which is 15/16 in. wide.

In most cases both the flywheel and

the pulley have a V- groove to fit the

belt, but some units use a V- pulley

and a flat flywheel. The larger size of:

the flywheel permits sufficient traction

without using a V- groove and by using

a flat flywheel the belt automatically

aligns itself if the two shafts are

parallel. When the motor is belted ti

the driven machine, it is necessary tf

have both shafts parallel to make the

belt ride properly on the pulleys.

Whenever possible, the direction d

rotation should be such as to cause the

pull to be on the bottom side of the

belt.

The belts should be snug but noi

tight. The belt should move about 1/S

in. out of alignment when pressed witl

approximately 10 pound force.

The development of new rubber

new cording design, and material:

162



ELECTRIC MOTORS

permits the use of smaller cross-

section belts. It is imperative when
installing these belts to be very care-

ful to adjust for proper belt tension

and also for alignment. The proper belt

tension is secured when th» belt will

have about one inch play; that is, the

belt should be loose enough to move out

of its original line about one inch. The

"A" SECTION—Nomi-
nal Dimensions: Top
width Vi"» thickness
S/i 6", angle 42°.

(Belts 120" and longer
have construction as
shown for "C" Sec-
tion.)

"B" SECTION—Nomi-
nal Dimensions: Top
width 2,/32"i thickness
J3/

32", angle 42°.

(Belts 120" and longer

have construction as

shown for "C" Sec-

tion.)

"C" SECTION—Nomi-
nal Dimensions: Top
width Vt'\ thickness
IV32", angle 42°.

(Belts under 120" in
length have construc-
tion as shown for "B"
section.

)

7-12. The three standard belt cross-sections tor frac-

tional horsepower drives.

(Goodyear Tire & Rubber Co.)

compressor flywheel and the motor
pulley must be in line with each in two

different ways to give long life to the

belt and to the electric motor. First,

the center line of the compressor must
be parallel with the center line of the

electric motor shaft; second, the pulley

grooves must be in line with each

other. The reason a poorly aligned belt

will decrease the life of the electric

motor is because the motor is not

designed to stand an end load, and a

noisy, poorly operating motor will

result.

7-24. MOTOR CONNECTIONS

Except for reversible and some

special motors, motors are usually

provided with two or four leads for

connecting the motor to one of two

different voltages.

Either 110 or 220 volts (or such

other corresponding voltages) are

equally satisfactory, providing the volt-

age is maintained at the motor ter-

minals; they may be used on circuits

having voltage 100 to 120 or 200 to 240

volts.

Since it is common practice in the

installation of small motors to install

wires with a view to mechanical

strength, it is recommended that, as

far as possible, all motors be installed

to the 220-volt service. If the wires

are of liberal size, this will result in

more certainty of good voltage at the

motor terminals and especially when

the motor may be overloaded, Figure

7-12.

Most repulsion start induction

motors use four motor leads. These

leads are connected to field windings,

two leads to a winding. The windings

are connected in parallel if the voltage

used is 110 V. or 115 V. The leads are

connected in series if the voltage to be

used is 220 V. or 230 V. Since the

power is the product of the voltage

times the amperage, the amperage

flow using 220 volts is one half of the

current flow using 110 volts.

Fan motors and the like are general-

ly wired for 110 V. to 115 V. only and

they therefore have only two leads con-

nected to the field windings. The main-

tenance of proper voltage at the motor

terminals is absolutely necessary. Low
voltage results in a rapid dropping of

horsepower capacity of any motor,

since the power that an alternating

current motor will develop varies

directly as the square of the voltage

impressed at the motor terminals.

Number 14 wires are of sufficient

size to use with motors up to \ H.P. if

the wires are a reasonable length. If

163



MODERN REFRIGERATION, AIR CONDITIONING

the wires exceed 50 feet, a No. 12 wire

should be used. Loose connections also

cause excessive voltage drop and area
fire hazard. Therefore, all the con-

nections should be soldered or connect-

ed with Underwriters Approved mech-
anical clamps.

To illustrate how voltage drop

affects the efficiency of a motor, the

AMr 1Line

Motor
Terminals

7-13. The method of wiring a I 10-220 volt A.C. motor
to a I 10 volt A.C. line.

(Century Electric Co.)

Motor
Terminals

7-14. The method of wiring a I 10-220 volt A.C. motor
to a 220 volt A.C. line.

(Century Electric Co.)

following example is typical: a 110-

volt motor supplied with current at 95

volts will develop only about 75 per

cent as much power as it would if

supplied with 110-volt current. Figures

7-13 and 7-14 show the most common
connections for single phase motors.

Special motors requiring other connec-

tions are shipped with diagrams and

instructions showing proper connec-

tions.

A 110/220 volt motor is connected
to a 110-volt line through an across-
the-line starter. The same connections

are used to connect a 110/220 volt

motor to a 110-volt line, etc.

A 110/220 volt motor is connected
to a 220-volt line through an across-
the-line starter. The same connections

are used to connect a 110/220 volt

motor to a 220-volt line, etc.

The field winding leads come out of

the motor frame through a drilled

hole. The wire is protected with a

rubber, fabric, or plastic grommet. A
small metal box is usually mounted
over the leads to provide a protected

place to house the electrical connec-

tions.

7-25. FUSES

Where a motor is started and stop-

ped automatically and is installed in an

out-of-the-way place or controlled

from a distance, the use of a fuse

having a rated capacity of not more
than 100 per cent to 110 per cent of the

rated ampere capacity of the motor is

recommended. This fuse is of ample
size to enable a motor to start and

attain its rated speed fully loaded under

normal conditions.

To permit the motor to develop its

maximum rated capacity for short

periods, and to enable it to start

quickly under a heavy or inertia load,

when the motor is being started and

operated under the direct supervision of

an attendant, a fuse may be used having

a rated capacity of 125 per cent, but in

no case larger than 150 per cent of the

rated full load current of the motor.
The above applies to plug and cart-

ridge type fuses approved by the Nation-

al Board of Fire Underwriters. Ex-
perience shows that link and wire

fuses quite often are unreliable.

An overload cut-out device con-

sisting of a heating coil and ratchet
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throw-out arrangement is often built

into the thermostat. Also bi-metal

overload devices may be placed at vari-

ous important places in the unit. If

these parts overheat for any reason,

the circuit will be opened by the

bi-metal snap switches. A plug fuse

will not protect an overloaded motor
adequately, because the fuse must be of

enough capacity to withstand the start-

ing load of the motor and if the motor
draws this extra load long enough, it

may burn out the motor.

7-26. REPULSION—START
INDUCTION MOTORS

The repulsion-start induction

motors have long been very popular

where intermittent operation is needed

such as in refrigerators, washing

machines, oil burners, etc. The motor

is an induction motor with a special

winding in the armature to give it a high

starting torque. The motor starts as a

repulsion motor using brushes and the

armature winding. As soon as it reaches

a specified speed, the armature wind-

ings are shorted, the brushes are lifted

from the commutator, and the motor
operates an induction motor, Figure

7-9.

These brush lifting motors usually

have radial commutators. Some of the

motors do not lift the brushes but

simply short circuit the commutator.
Such motors usually have cylindrical

commutators.

7-27. REPULSION—START
INDUCTION RUN MOTOR
PRINCIPLES

Refrigeration motors for the con-

ventional units need a high torque at

starting speeds to overcome the inertia

of the refrigeration unit parts and to

compress the gas from the low side

pressure to the high side pressure.
Because the turning moment of a

motor is a function of the magnetism,

one must either strengthen the magnets
or increase the number of magnets to

increase the starting torque.

The repulsion start-induction motor
increases the starting torque by in-

creasing the magnetic strength of the

rotor magnets.
The rotor is wound with a number

of separate coils of wire and the ends
of these coils are fastened to com-
mutator bars. There is an equal number
of brushes to the number of field poles.

These carbon brushes complete the

7-15. A diagrammatic sketch of a repulsion start in-

duction run motor C, commutator. The brushes that

contact the commutator are grounded and complete

the circuit between the two commutator bars.

circuit between the two commutator
bars, and there is a current flow in the

coil. Because this current flow creates

magnetic poles, the brushes can be

located so that these magnets can

repulse the magnetism of the field poles

and create torque, Figure 7-15.

When the motor reaches 1/2 to 2/3

of its standard RPM, a centrifugal

weight shorts out the bars of the com-
mutator, short circuiting the current

flow in the rotor windings. Many motors

connect this centrifugal device to the

brushes also, and the brushes are lifted

from the commutator bars at the same
time the commutator bars are shorted.

7-28. COMMUTATOR

The commutator bars are made of
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copper, and mica is used as the in-

sulation between the bars. There are
two types of commutators, the radial

type and the axial or cylindrical type.

One end of each bar is split, and the

rotor winding wire is pinched in this

slot and then soldered. The radial type

commutator has the bars extending

down into a hollow cylinder where a

copper segment mechanism shorts the

bars when it is moved against them. The
axial or cylindrical type commutator
has a short circuiting mechanism
against the end away from the windings.

In this type commutator, the brushes
are not lifted but ride on the commuta-
tor at all times.

The commutator surface should al-

ways be straight and true. It must also

be clean. Commutator cleaning stones

are available for cleaning the com-
mutator. A drop or two of carbon
tetrachloride will also clean a com-
mutator that has oil or grease on it.

NEVER BREATHE CARBON TETRA-
CHLORIDE FUMES OR ALLOW IT TO
TOUCH THE SKIN.

Index
Washer

Running

.Marks

7-16. The "Century" method of reversing the direction

of rotation of their repulsion-start induction motors.

(Century Electric Co.)

If the commutator becomes rough
and burned, it should be cleaned by
holding a piece of coarse (No. l| or 2}
sandpaper against it with a flat block of

wood so that the insulation between the

commutator bars may be cut down to a

level with the bars. (Never use emery-
cloth or emery paper on any com-
mutator or brushes.)

Emery cloth must not be used, as I

the abrasive on the cloth is often a

conductor; if it collects between the I

commutator bars, it may cause them to

short circuit.

7-29. BRUSHES—BRUSH HOLDERS

The brushes are made of carbon.
The carbon is available in various
hardness. The correct brush is very
important. The spring pressure on the

brush must be enough to permit good I

electrical contact but not enough to I

i

cause rapid brush and commutator
wear. The brushes are normally copper
coated to help the electrical con-

ductivity. The brush must fit its holder

closely but it must be able to move
freely. The full face of the brush should

be in contact with the commutator. New
brushes are quickly fitted by using

sandpaper between the commutator and

the brush with the sandpaper against

the brush. A slight turning of the com-
mutator back and forth will sand the

brush to a form fit. The brushes should

move freely but still fit closely enough
to make good contact with the holders.

If they do not move freely, they will not

make good contact with the commutator!
during the period of starting. Any
brush sticking in the brush-holders may
be due to an accumulation of dirt and

oil.

The brushes and brush-holders
should be inspected occasionally to see

that the brushes have not worn down to

the point where they are so short that

the brush-holder springs cannot press

the brushes against the commutator.
All brushes should be of the same
length. The brush-holder should clear

the commutator at least 1/8 inch.

7-30. HORSEPOWER CAPACITY

The motor will carry a greater load

when running than the load it will bring

up to speed at starting. However, such
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loads should not be imposed, since they

may cause the motor to be pulled out of

step with the line, causing it to slow

down and start again. Such action

results in making and breaking the

electric circuit in thenarmature. This

causes burning and pitting and produces

poor contact, which reduces the horse-

power capacity.

If the motor is pulled out of step

with the line, it is an indication to the

operator that an abnormal overload has

been applied, which should prompt him
to relieve the motor of the overload. It

is not good practice to overload a motor
continually, since motors are usually

designed to give the maximum effi-

ciency at full load. A motor out of step

with the line will emit a regular beat in

addition to the usual hum.

7-31. DIRECTION OF ROTATION

Except for the reversible motor, the

direction of rotation is changed by
shifting the brush-holder. See Figure
7-16. This is accomplished by loosen-

ing the set screw at the side of the

bearing housing on the commutator end

of the motor, and moving the pointer to

one of the lines or notches at the side of

the slot. For right-hand or clockwise

rotation, place the pointer at the line

marked "R." For left hand or contra-

clockwise rotation, place the pointer on

the line marked "L." The letters "R"
and "L" do not appear on some of the

smaller motors. In those cases, move
the pointer from the middle of the slot

in the direction the armature should

rotate and place it opposite the mark
nearest that end of the slot. The
pointer should be exactly on the line for

the best results.

The method of reversing the motor
varies with the manufacturer, but the

fundamentals are the same. The direc-

tion of rotation of direct current motors
is reversed by reversing the leads or

wires which connect to the field wind-

ings.

7-32. REPULSION—START
INDUCTION MOTORS
ADJUSTMENTS

In the great majority of cases where
the action of a motor seems to indicate

that there is something wrong with it,

the actual trouble lies outside the

motor. Therefore, one should be

prompted to inspect carefully the re-

frigerator machinery that the motor is

driving to see that it is not imposing an

overload upon the motor, due to the

amount of work which the machine is

doing, or due to having developed an
unusual friction load in such machinery.

If the motor is belted to the com-
pressor, see that there is sufficient oil

in the bearings, that the shaft turns

easily, that the shafting is in alignment,

and that the belt is not too tight.

7-33. REPULSION—START
INDUCTION MOTOR
TROUBLES

See that the commutator is in good

condition. Frequent starting, improper

fitting of brushes, low voltage, or

possibly some other reason will cause

the motor to run on the brushes ex-

cessively which will roughen the com-
mutator. To correct this, it is neces-

sary to sand the commutator with

coarse sandpaper (No. l\ or No. 2) to

clean it and keep the insulation level

with the commutator bars. Use a block

of wood to hold the sandpaper so the

high spots may be cut down to a level

with the low ones. (Do not use emery
cloth or emergy paper.) When the

commutator is badly burned, the arma-
ture should be removed and placed in a

lathe, where a slight cut should be

taken off.

The brushes should fit well in the

brush-holders, but still be free enough

to allow the springs to press them
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firmly against the commutator. Also,

see that they have a good bearing fit

against the commutator.

Be certain that the brushes are long

enough. It may be that they have worn
down so that the springs cannot force

them to make good contact with the

commutator.
Examine the setting of the brush-

holder. The pointer on the index washer
should be set exactly at one of the

running marks on the index plate on the

commutator end of the motor. The one

running mark will give right-hand

(clockwise) rotation and the other run-

ning mark will give left-hand (contra-

clockwise) rotation facing the com-
mutator end of the motor.

After the governor has acted, and

the motor is carrying its load, the

spring barrel ring should enter the bore

of the brush-holder far enough so that

the parallel motion fingers which are

fastened to the brush-holder should not

be closer to the commutator than 1/8

inch.

Examine the brush-holder and
spring barrel to see that the spring

barrel ring does not stick in the brush-
holder. This would prevent the brushes
from dropping back on the commutator
when the motor stops.

Note how the motor is connected,

whether for 110 or 220 volts, and see

that it corresponds to the voltage of the

circuit to which the motor is connected.

Be certain the voltage is up to normal
at the motor terminals all the time that

the motor is starting and carrying its

load.

Examine the governor mechanism.
It may not operate satisfactorily due to

the mechanism becoming clogged with

dirt. An occasional drop of oil on the

governor mechanism bearing points

will do no harm.
The motor winding should be clean-

ed occasionally so that the dirt ac-
cumulated will not weaken or rot the
insulation.

Storage of the motor in a damp
place for some time may cause a

sufficient amount of rust to accumulate
to prevent satisfactory operation of the

governor. Examine the short circuiting

device. The short circuiting segments
must make good contact between the

commutator bars and the copper short

circuiting ring; therefore, it may be

necessary to occasionally clean the

inside of the commutator. There will be

no occasion for trouble at this point

except for an abnormal accumulation of

dirt or frequent imposition of loads in

excess of the maximum capacity of the

motor.

Test for short circuits in the arm-
ature. This may be done as follows:

1. Disconnect the motor from the

apparatus it is driving.

2. Raise all the brushes off the

commutator.
3. Close the switch which is used to

start the motor.

4. Turn the armature slowly by

hand. If there are any short

circuits in the armature, the

armature will apparently "stick"

opposite each pole. The tendency

to "stick" will be quite pro-

nounced, and the armature will

turn with a decided jump. If the

armature turns freely, then the

winding is all right.

Test for short circuits in the field

winding. This may be done as follows:

1. Raise the brushes off the com-
mutator.

2. Close the switch, thus throwing

the field winding across the line.

Leave the switch closed for a few

minutes.

3. If there is a shorted coil, there

will be unusual heating in this

coil.

7-34. BEARINGS

Examine the bearings to see if they

are worn. If the armature is striking
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the metal of the field, this is a sure

indication that the bearings are worn
out and must be replaced. As the clear-

ance between the armature and field

varies from .015 in. to .030 in., de-

pendent upon the size /ef the motor, a

bearing should be replaced which shows
any appreciable sign of wear. A heavy
rumbling sound at the time of starting

usually indicates that the bearing is

badly worn although the armature does

not quite touch the field.

The bearings are most commonly
made of phosphor bronze and are

pressed into the end brackets. Oc-
casionally these bearings are locked in

by a pin pressed through the bearing

housing and into the bearing. The bear-
ing must always be pressed inward to

remove it. Care should be taken not to

put an angular load on the housing

when pressing the bearings out, as this

will probably crack the housing. A
special tool used to remove and install

bushings or sleeve bearings is shown in

Figure 7-17. After the bearing is

pressed into the bracket when installing

a new one, the bearing must be reamed.
It is best to ream the two in line with

adjustable reamers. The surface of the

shaft in contact with the bearing must
be perfectly smooth. A scored shaft

may be repaired in a lathe with the

use of a grinder in the tool post.

Hot bearings. The bearing on the

commutator end of all motors will

show a normal temperature rise in

?xcess of the bearing on the pulley end

Decause of a lesser forced circulation

of air around it. However, the tem-
perature rise should not exceed 40 C.

or 72 F. above the surrounding at-

mosphere. Any one of the following

causes may result in a hot bearing:

1. Oil which is too heavy.

2. Oil which is too thin. (Select a

good grade of mineral lubricating

oil which is not greatly affected

by a change in temperature and

does not foam or bubble too

freely.)

3. Dirt or grit in the oil.

4. The belt may be too tight.

5. The pulley hub may be rubbing
against the bearing.

6. The motor may not be properly
lined up, causing the armature
shaft shoulder to pull or be push-
ed against one bearing.

7-35. GOVERNOR AND BRUSH
TENSION

This would indicate that one of the

following is the cause:

1st. Low voltage. The voltage at the

motor terminals must not be lower at

any time than that for which the motor
is wound, if the motor is expected to

develop its rated capacity. (The power
an alternating current motor will

develop varies directly as the square
of the impressed voltage.)

2nd. Overload. Frequently in cold

weather poor oil will be so nearly

frozen in motor shafts or other bear-

ings as to cause a heavy friction load.

3rd. Frequency different from that

for which the governor spring tension

7-17. A motor bearing puller and installer. Al. Main

shaft; A2. Different size bushing puller disks; A3. Take

nut; A4. Handles; A5. Main spacer; A6. Different

size bushing socket spacers.

(Cleveland Sales Co.)

up

is adjusted. (Remember the frequency

of the circuit governs the speed of any

A. C. induction motor.) Occasionally
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current that is supposed to be exactly

60 cycles, or some other particular

frequency, is found sufficiently higher

or lower to make a variation of as much
as 5 to 10 per cent in motor speed.

If the motor is disconnected from
the apparatus it is driving, and the

governor acts properly after closing

the switch, then "1," "2," and "3" is

the probable cause of its failure to act

when connected to its load.

Close the switch and note whether

the speed of the motor decreases after

the governor has acted; if it does, then

loosen the spring barrel nut-one, two,

or more turns as necessary. If that is

regulated and if during the time the

motor starting the voltage is maintain-

ed at 110 or 220 volts at the motor

terminals (according to the connec-

tions), its failure to act is probably an

overload; however, as a trial, the

spring barrel nut may be loosened one

or two turns, returning to its original

position if it does not produce the

desired results. This nut can be reach-

ed by removing the end bracket from

the commutator end of the motor where

the nut will be found on the armature

shaft. It has a lock spring to prevent it

from turning.

Failure of the governor to act under

a load within rated capacity of the

motor, with proper voltage at the ter-

minals all the time the motor is being

started, indicates that the frequency of

the circuit is lower than that for which

the governor is adjusted. It is there-

fore necessary to loosen the governor

spring one or more turns. After the

governor spring nut has been loosened

and the governor operates, and if the

motor does not hold its speed but drops

back, then the motor is overloaded or

the voltage is low.

In some small motors, adjustment

is not necessary. On these a non-

adjustable spring collar is used instead

of an adjustable spring barrel nut.

When removing an end bracket, mark

it with a file or punch and also the

body of the motor (stator) so it may be

assembled in the correct order.

7-36. ARMATURE INSTALLATION

Whenever a new armature or a

rewound armature is installed in a

motor, it is always necessary to check

the running marks, as slight variations

in the windings make large changes in

the position of the running marks. This

check may be done as follows:

1. Loosen the screw in the index

washer.

2. Turn the brush-holder until the

point on the index washer is

half-way between the original

7-18. A !/
2

H.P. capacitor motor quarter sectioned

Note the flexible mounting.

(Wagner Electric Corp.)

running marks (this point is

called the dead point) and tighten

the screw on the index washer.

Turn on the switch. (If the index

washer is set correctly on the

dead point, the motor will not

start in either direction.)
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4. If the motor starts in either

direction, open the switch, move
the index washer in a direction

opposite to the direction in which

the armature turned, tighten the

screw on the index washer, and

try it again.

5. When the true dead point (the

point at which the motor will not

start in either direction) is found,

mark it with a pencil or a piece

of chalk.

6. The new running marks should

then be marked on the index

plate in such a position that they

are the same distance apart as

the original running marks and

the new dead point is exactly

half-way between them.

7. Set the point on the index washer
exactly on one of the new running

marks.

7-37. GOVERNOR ACTION

Frequent governor action indicates

one of the following causes:

1st. The most probable cause is that

:he tension of the governor spring is

lot correct for the frequency of the

circuit on which the motor is installed;

lence the motor is unable to reach such

a speed before the governor acts as will

allow it to bring its load up to full

speed which is governed by the fre-

luency of the circuit after the governor

las acted. This trouble may or may not

oe accompanied by blowing of the fuses.

Provided the proper voltage is main-

lined at the motor terminals all the

:ime the motor is starting, the remedy
is to tighten the governor spring nut

one or more turns as may be necessary.

This nut can be reached by removing

the end bracket from the commutator
end of the motor, where the nut will be

found on the armature shaft. It has a

lock spring in it to prevent it from
turning.

2nd. Change of frequency may be

caused by change of generators or by

poor regulation of engine or turbine. It

is not infrequent that the current is

supposed to be exactly 60 cycle or

some other particular frequency, when

on investigation it is found that the

speed of the generator is sufficiently

higher or lower than it should be to give

that frequency, to make a variation of £

to 10 per cent.

3rd. Change of voltage at the motor

terminals.

1. Sudden change of load on genera-

tor.

2. Frequent starting of large

motors on the transmission line.

3. Heavy varying load on motors on

same circuit.

4th. Low voltage. Causes:

1. Wire which is too small.

2. Transformer which is too small

or has poor regulation with an

induction load.

3. Loose connection, either at the

motor terminals or at the switch,

or in the line.

5th. Overload.

6th. Poor contact between short-

circuiting segments and commutator

bars, resulting from an unusual ac-

cumulation of dirt.

7-38. TEMPERATURE

Do not use the hand to judge the

temperature of a motor. Use a ther-

mometer and check against the allow-

able temperature rise shown on the

name plate.

The temperature of the motor should

not rise more than 40 C. (7 2 F.) over

the room temperature. This means an

average maximum temperature of ap-

proximately 150 F.

7-39. CAPACITOR TYPE MOTOR

Domestic refrigerators frequently

use a different type of motor from the
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repulsion-start induction motor. Since

1933, this type of electric motor has

become very popular. It is called the

capacitor type, and the name is derived

from the use of a capacitator or of a

condenser and a transformer, Figure

7-18. It becomes a two-phase motor

when starting and reverts to single

phase when it has gained 7 5 per cent of

its full speed. The capacitator is used

to change the phase angle of the current

in the starting winding to produce

two-phase electrical characteristics

when starting.

7-19. Electrolytic capacitor start induction run motor.

(Stewart-Warner Corp.)

The mechanical construction of the

motor is quite similar to the induction

motor; that is, the external appear-
ance, the mountings, and the bearing
design is conventional both as to size

and lubrication. However, instead of

using a starting winding in the arm-
ature, the capacitor type has a con-

COSTTROL

7-20. A permalytic capacitor start-induction run motor.

(Stewart-Warner Corp.)

denser mounted on top of the motor,

which is connected in pairs to a centri-

fugal switch built into the motor and to

a starting winding in the stator, Figure

7-19.

The operation of the mechanism is

quite simple. When the motor starts, the

centrifugal switch is closed, making

the current pass through both the start-

ing winding and the running winding

The starting winding is connected in

series with a capacitor which puts the

electrical surges in the starting wind-t

ing out of step with those of the running

winding. This produces a temporary

two-phase motor and gives a very high

starting torque. When the motor reach-

es approximately 7 5 per cent of its

rated speed (1200 r.p.m.) the centri-

fugal switch opens disconnecting the

starting winding. The motor, however/

continues to run, but now as an indue- 1

tion motor.

These motors are commonly callec

capacitor-start induction run motors

The capacitor may usually be found ir

a steel cylinder which is mounted on toj

of the motor. It has two terminals, one

to be connected to the centrifuga

switch lead and one to the starting

winding lead, Figure 7-20.

7-40. CAPACITOR START MOTOR
PRINCIPLES

The least complicated method t

produce starting torque is to conver

the single-phase motor into a two-

phase motor during the starting perio<
:

by using a capacitor. The dry typ»

capacitor consists of two sheets o

conductor metal separated by an in-

sulator, Figure 7-21. Due to the operat-

ing principle of a condenser or capaci-

tor in an alternating current line, th<

capacitor is charged during the build u{

of the voltage and current by the surg<

of power in the line. Then, during th<

decrease in current flow in the powe]

line, the capacitor discharges causinj
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another power surge in the motor
starting windings, Figure 7-22.

/ ALUMINUM FOIL

z PAPER COMPOSITION

7-21. Elements of capacitor design. The paper com-
position is usually rolled or folded between the two sep-

irate sheets of conductor foil providing a large capacitor

area in a relatively small space.

7-41. CAPACITOR START-
CAPACITOR RUN MOTOR
PRINCIPLES

This motor usually uses an oil

sealed or insulated capacitor. It also

uses a step-up transformer. When the

motor is started, the capacitor turns

the motor power surges into two-phase
power and a higher voltage is also

imposed on the starting winding. After
the motor reaches two-thirds orthree-
fourths of its rated speed, the relay

reduces the auto transformer to a step-

up of only 200 volts, but the capacitor

is left in the circuit. This action pro-
duces a two-phase motor at all times
and results in a very efficient motor.
It is used considerably in the larger

hermetic units used in commercial
systems, but its first cost and main-

tenance has practically eliminated it

from the domestic field, Figure 7-23.

7-42. CAPACITOR MOTOR
TROUBLES

The troubles encountered in the

capacitator type motor are few, and
they deal mainly with the mechanical
condition of the motor. Outside of the

two electrical troubles encountered in

electric motors, these two troubles
are: there is a possibility that the

centrifugal switch used for connecting
and disconnecting the condenser may

become worn, in which case a replace-

ment is necessary; also, an open or
short circuit may occur in the field

windings, in the condenser, or in the

auto transformer. The latter ones

naturally necessitate a replacement of

the motor, while the first trouble may
be repaired by installing a new switch.

The mechanical troubles are prac-
tically identical to those encountered

in the repulsion-start induction motor,

involving bearing wear, end play, ex-

cessive vibration, orientation of the

motor to the compressor, and the air

l/OV

ORIGINAL

PO\AI£R IIOV.

7-22. The effect of a capacitor on the power flow in a

single phase circuit.

gap between the rotor and stator.

Very frequent starting of the capaci-

tor motor results in overheating; the

condenser and the insulation may fail.

If the motor will not start but simply

has the characteristic A. C. hum until

one spins the pulley and then the motor

starts satisfactorily, it is a sign that

the capacitor or the centrifugal switch

points have failed. It is an easy opera-

/
1 / s N

J/U \

/

Condeoso-

Riffox*^*nOTO^^^T.

Motor Coode«5«r Unit

7-23. The wiring diagram of a full capacitor motor.

(Norge Sales Corp.)
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tion to substitute a good capacitor for

the questioned one. If the motor still

will not start, the trouble is probably in

the centrifugal switch.

MOTOR

7-24. Wiring diagram of a compound direct current

refrigerator motor.

(Norge Sales Corp.)

7-43. DIRECT CURRENT MOTORS

Certain localities using D.C. power
must have direct current motors for

their refrigerators. These motors are

compound wound and are constructed

mechanically very similar to both the

capacitator and repulsion-start induc-

tion type, Figure 7-24.

Compound wound windings are two
field windings; one is in parallel with
the armature windings, and one field

winding is in series with the armature
windings. Because D.C. is used, the

field poles always have the same mag-
netic polarity, and as the same D.C. is

going through the armature coil, the

armature magnetism is positioned to

cause a turning torque in the armature.
The series field is used to keep the

motor speed constant. If the speed
attempts to change, the series winding

strength builds up to increase the r.p.m.

or weakens to reduce the r.p.m. Note
that one has only to reverse the brush
leads to reverse the direction of these

motors (it reverses the armature mag-
netic polarity).

The possibilities for wear are a

little greater in the direct current

motors than in the others because of

the armature design. This design

necessitates constant contact of the

brushes against the commutator, giving

rise to the following possible troubles:

dirty commutator, worn brushes, highl

mica, shorted armature, squeaky

brushes, etc. In general, all of the brush
and commutator troubles are treated as

in the case of the repulsion-start in- j

duction motor.

7-44. RADIO INTERFERENCE

Some refrigerators will give a slight

amount of radio interference in the

average installation. This will usually

amount to a slight snap in the radio at

the instant the refrigerator stops, and

should not be more noticeable than the

turning off of a light. This may be

eliminated some by grounding the frame
of the motor to a water pipe or by

placing a condenser between the frame

of the motor and a convenient ground.

In general, the normal interference is:

not disagreeable and need not be given

any attention.

Excessive radio interference of a'

continuing nature when the refrigerator

motor operates or when it starts

indicates a loose electrical connection

or some fault in the motor's starter

mechanism such as worn brashes, badly

pitted commutator, or loose connec-
tions. The particular trouble can be

easily determined by a careful exam-
ination of the motor.

Occasionally a static charge will be

built up on the belt of a belt-driven

compressor. The discharge of this

charge will cause radio interference.

If the motor and compressor are

grounded together, this annoyance will

be eliminated.
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Motor Size H.P,

1/10.

1/8..

1/8..

1/6..

1/6..

1/6..

1/6..

1/6..

1/3.,

1/3..

1/2..

Normal Input
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Time of Day

.loon

2:00 P.M.

4:00
!6:00
: 8:00
..0:00

lidnight . .

00 A.M.

00

00

00

00

average Load
,)aily Load Factor.

Time of Year

January. .

.

'ebruary. ,

larch

.ipril

lay

'une

uly
lOlgUSt

September,

bctober. .

,

|(ovember. ,

December.

.

1 Total

Refrigerator
Watts

58
62

62
*6"2

66

60
64
56

54

52

54

54

59
87

Refrigerator
kw . nr .

/month

34
40
42
46
46
46
55

56

53

52

43
39

542

•29. Average electric load from 1000 homes with re-

frigerators, (Watts/House)
(American Society of Refrigerating Engineers)

The motors are cooled by several

\ethods. One successful method is

/ press the stator into the dome and

len put cooling fins on the dome,
nother method cools the motor by
unning oil over the motor windings

hile the unit is running. For several
sars the older Norge refrigerator

assed partly cooled condenser re-

'igerant around the motor housing to

id in cooling the electric motor.
Motor windings (wires) have pre-

ented many electrical and mechanical
roblems to the refrigeration engineer.

These windings must be compact, must
be easily cleaned and dried, must be
chemically inert, and must stand con-
siderable overloads without burning out

or shorting. The first successful wind-
ings had special long fibre bleached
double cotton covered insulation and
nothing else. All other insulations at

7-30. A hermetic compressor and motor cut-a-way.

A. Suction service valve; B. Discharge line; C. Mounting
spring; D. Intake muffler; E. Intake valve.

{Tecumseh Products Co.)

that time would deteriorate in the pre-

sence of the refrigerant, especially if

small amounts of moisture were pre-

sent. Several companies have now de-

veloped special wire coatings (usually

enamel) that are very satisfactory

insulations for most of the refrigerants

used today.

The alignment of the electric motor
parts and the compressor is usually

accomplished by using a common sur-

face on the motor stator to which the

compressor body is bolted. Aligning

dowel pins or shoulders must be very

accurately matched to produce maxi-

mum accuracy and therefore operating

efficiency and quietness.

Figure 7-30 shows a hermetic motor
installed while Figure 7-31 shows the

stator and rotor of a hermetic motor.

Most of the service connections for

checking pressures, purging, etc., are

mounted on the compressor dome.
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These connections require the use of a

valve adapter set. See Chapter 17.

7-47. HERMETIC MOTORS
(ELECTRICAL
CHARACTERISTICS)

The design characteristics of the

electric motors used in the hermetic

machines depend to a great extent on

whether the unit starts under load or

whether it starts under a no-load or

balanced pressure condition.

However, the basic operation of the

motor is the same as for open-type

motors. Brushes and/ or open points

cannot be used in the hermetic motor,

because the arcing would gradually

disintegrate the refrigerant and the oil

in the unit. Therefore, an external

produce noise complaints. Note inpart-

icular that many condensing units are,

mounted on springs inside the dome.

The electrical terminals, which

carry the circuit through the dome,,

must be electrically insulated from the

dome, and they must also be leak

proof.

Many terminal designs have beer

used. Metal terminals that clamp

7-31. A '/4 H.P. split-phase hermetic motor. A. Stator;
B. Rotor; C. Running Winding; D. Starting Winding.

(Wagner Electric Corp.]

means must be used to disconnect and
connect the various windings. Finally,

all torque must be developed by in-

duction only.

One of the very important objectives

in the alignment problem is to produce
an equal and absolutely minimum gap
between the rotor and the stator of the

motor. An appreciable air gap between
these two decreases the motor effic-

iency, and any unequal air gap produces
a motor hum that can be loud enough to

R

7-32. A metal terminal, fused to glass, and the glass i

turn fused to a metal disc as used for insulating and lea

proofing the electrical connections for hermetic mote

terminals.

(The Fusite Corp.)

against the housing using syntheti

rubber insulators and gaskets are used

Also metal terminals fused to glas

which in turn is fused to a metal diS'

makes an assembly that can be welde

to the hermetic dome, Figure 7-32. Th
terminals which must be leak proo

after thousands of cooling and heatin

contractions and expansion cycles

must also have a high insulating value

A fused glass multiple terminal instal 1

ed is shown in Figure 7-33. The wir

terminals are spring clips that tightl

clamp on the hermetic terminals.

Replacement terminals are used b

many service men. These replacemer.

terminals use synthetic rubber gasket

to make'a leak-proof joint.

The higher starting torque require(

(turning effort) for those units whicl

start under load necessitates the use o

larger conductors in the starting cir-

cuit. This required starting torque i£

usually obtained by using one of severa
electrical devices. Usually, manufac-
turers attempt to provide starting pow-
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er equal to twice the running power

(torque). In other words, we attempt to

have a 1/6 H.P. motor produce 1/ 3 H.P.

during starting. The attempt is also

7-33. A metal-fused glass hermetic electrical terminal

installed. The wires are connected by spring loaded

clips. Note the metal housing used to protect the ter-

minals from abuse.

(The Fusite Corp.)

made in some cases to put more fre-

quent power surges into the motor

during the starting time. Likewise,

various methods are used to shut off

the special starting devices after the

motor has approached its full speed.

A-fAN MOTOR

B-START. CAP.

C-OVER LOAD PROTECTOR SW.

D-STARTING RELAY

E-PRESS CONTROL OR THERMOSTAT

115 V. 60CY.
SUPPLY

7-34. A schematic diagram of a capacitor start hermetic

unit wiring system.

(Servel, Inc.)

7-48. HERMETIC MOTOR
CONSTRUCTION

The motors are built as sturdy as

possible. Because an overheated motor

or undersized bearing would neces-

sitate a major or complete overhaul of

the unit, special care is taken to put

very high safety factors into the motor

construction.

Much experimenting, designing, and

research has produced the present-day

motors. These motors produce a maxi-

mum torque with a minimum current

draw and a minimum temperature rise.

The development of more efficient

laminated field poles and rotor steels

has done much to improve these motors.

7-49. HERMETIC MOTOR TYPES

There are four types of hermetic

motors:

a. The Split-Phase Motor

b. The Capacitor Start Motor, Fig-

ure 7-34.

c. The Capacitor Start, Capacitor

Run Motor
d. The Auto-Transformer Motor

The first two types are in most use

at present. The capacitor start, cap-

acitor run type is not in great use,

because even though an oil type cap-

acitor is used instead of the dry or

electrolytic type, the insulation is likely

to break down due to overheating. Cost

is also a factor. The cost of the auto-

transformer and the complicated and

expensive relay also has eliminated this

type of unit from the market except in

large hermetics.

The principle of operation and the

construction of all of these motor types

have already been explained in previous

paragraphs.

7-50. THE SPLIT-PHASE
INDUCTION MOTOR

This motor is the basic type motor

for all the hermetic condensing units in

use today. It has the advantage of

relatively low cost, since no extra

devices are needed. The principle of

operation is simple. There are two
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windings, a running winding and a

starting winding. These windings are

made into four coils each with the

starting winding positioned an actual

45 degrees around the stator from the

running winding. This positioning puts

the starting winding 90 electrical de-

grees from the running winding.

The smaller wire is used in the

IPHASE IIOV

ZPHASE RUN
ZOO VOLTS

7-35. A capacitor start auto-transformer unit with the

relay in the "running" position.

starting winding. This smaller wire

slows the current and builds up mag-

netism more slowly than the running

winding. When the unit control thermo-

stat points close, current goes through

the larger windings a little faster. The

starting windings follow very quickly,

and its magnetism is a little slower

building up than the running winding.

This slower build up causes a shift or

side movement to one side in the field,

thereby producing a twist or torque

effect on the rotor.

The current tries to go through both

windings with equal speed, but the

resistance of the finer (starting) wind-

IPHASf no v.

7-36.

lOO VOLTS

A capacitor start auto-transformer hermetic motor
with the relay in the starting position.

ing is a little greater than the running

winding. The magnetism of the running

winding therefore builds up a little

sooner and induces an opposite mag-

netism in the rotor. Very shortly after

this, 1/1000 of a second or so, the

starting winding builds up to its maxi-

mum magnetism and this magnetism

attracts the induced magnetism in the

rotor and causes a twist in the rotor.

The starting winding is continued in use

until the motor reaches at least 1/2 of

its full speed. From this speed up to the

full speed of the rotor the 60 cycle time

interval and the four pole stator will

automatically run the rotor at its 1800

r.p.m. This 1800 r.p.m. is always true

of a four pole, 60 cycle motor, because

the rotor must travel from one pole to

the next in one change of the current.

In a 60 cycle circuit the current changes

direction each 1/ 120 seconds. This time

means the rotor makes one revolution

(four poles) in 4/120 seconds or 1/30

of a second. In one minute or 60 seconds,

therefore, the motor will turn 60 x 30 or

1800 revolutions. Actually there is a

slight slippage of the rotor in its

magnetic field, and these motors will

actually run 17 50 to 1775 revolutions

per minute. The speed is slightly

different for different motors, but for

any particular motor it will be con-

stant as the slippage will be constant.

These motors are used on small

units 1/10, 1/6, 1/4 H. P. that have no

starting load (capillary tube) or have an

electric, mechanical, or hydraulic un-

loading device.

The hydraulic device is usually a

gravity valve that unloads the com-
pressor until the compressor builds

up an oil pressure as it turns over

while starting. The oil pressure must

build up strong enough to lift the weight

valve and close the by-pass port.

The mechanical unit consists of a

centrifugal unit that unloads the com-
pressor by a by-pass until the rated

speed of the compressor moves the
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7-37. Manually starting a stuck unit using normal voltages. I and 2 without a capacitor; 3 and 4 with a capacitor

in the starting circuit.

centrifugal device enough to close the

by-pass.

Several variations of the split-phase

motor have been used in hermetic
mechanisms. The simplest type dis-

connects the starting winding com-
pletely after the motor reaches approx-
imately 2/3 or 3/4 of its rated r.p.m.

Another type uses a two-stage trans-

former that starts on one step of the

transformer and then switches to the

other step by means of the relay as the

motor reaches its design speed. This
type of starting winding with its auto-

transformer is usually called an auxi-

liary winding instead of a starting

winding, because it is in use all the

time the current is flowing, Figures
7-35 and 7-36. This auto-transformer
is used when the motors start under
load.

7-51. SERVICING HERMETIC
MOTORS

The servicing of hermetic motors
may be divided into two major sections:

external servicing and internal ser-
vicing. Most of the hermetic motor
troubles are external, or, are in the

wiring or in the motor control devices.

It is very important to determine
exactly where the electrical troubles

are before deciding the motor is at

fault.

Furthermore, it is essential that any
external trouble be remedied as soon as

possible, because this minor trouble

may eventually cause the motor to fail.

7-52. STARTING A STUCK
MOTOR

Occasionally a unit may be found

that will not start, even though all the
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electrical tests indicate a unit in good

condition. This stuck condition may be

caused by the unit standing idle for a

considerable time, a particle of dirt, or

some electrolytic plating may have

taken place. A more than normal amount

of liquid refrigerant in the compressor

may also bind the unit. Three methods

are recommended to break loose a

stuck unit.

a. Connect the power line direct to

the motor connections eliminat-

ing the starting relay, Figure

7-37.

b. By using above-normal voltage,

such as 220 volts on a 110-volt

circuit, may break it loose. This

7-38. Starting a stuck compressor. I. Using above
normal voltages; 2. Using a capacitor in series with the

running winding.

method can only be used for a
short period of time, Figure
7-38-1.

c. By reversing the unit, that is,

making it run backward. This
reversal rotation may be done
by putting a capacitor in series
with the running winding. Figure
7-38-2.

It is of utmost importance to be
continually on the alert to avoid handlinghigh voltage circuits and that one shortr;xorstodischa- ta

7-53. SERVICING THE CAPACITOR

Most units have one capacitor, the

starting capacitor, but some have two

capacitors; either one starting capaci-

tor and one running capacitor or two

capacitors connected in parallel for

additional capacitance. The starting

capacitor is connected in series with

the starting winding and is usually

connected into the circuit between the

relay and the starting winding terminal

of the motor.

The simplest test of a capacitor is

to substitute a good capacitor for it;

then if the motor operates, it is known
that the old capacitor is faulty. Another

way to check a capacitor is to dis-

connect it from the circuit and connect

the proper voltage power to its ter-

minals (be sure a fuse is in the cir-

cuit); then, short the terminals of the

capacitor. If the capacitor is good, it

will spark after two or three tries to

charge it. If it has an open circuit, no

charging, therefore, no sparking will

take place. If it is shorted or grounded,

the fuse will blow. A capacitor testing

'71



ELECTRIC MOTORS

is the shorting switch, D is the fuse or

circuit breaker, E is the power con-

nection or plug. Commercial models

are obtainable at refrigeration supply

houses. In (1), the tester is connected

to the terminals of the capacitor A
with spring clips, rubber covered. Both

switches B and C >are open. Some
models have button switches similar to

door bell switches that are spring

loaded to stay open. In (2) the charging

7-40. A capacitor test unit and analyzer. This unit will

detect all hermetic and open motor troubles and can

be used to reverse the motor.

(Airserco Mfg. Co., Inc.)

switch B is closed momentarily; just

touch it. Note that switch C stays open.

If the capacitor is shorted, the fuse or

circuit breaker will blow (4) D. If

nothing happens, then proceed as in 3.

With the switch B open, touch the

shorting switch. If the capacitor is good,

the switch will spark. If it does not

spark the first time, try it three or four

times before scrapping the capacitor.

Figure 7-40 illustrates a commercial
model of a capacitor tester. These
testers are sometimes equipped with a

neon light to indicate the discharge (in

the circuit) and they also use a volt-

meter to determine the efficiency of

the discharge.

Important: Never put your fingers

across the terminals of a capacitor
as it may be charged and give you a

shock. Always short it with a wire first

before handling it.

A capacitor must be accurately
sized to the motor and the motor load.

It is general practice to permit a 25

per cent overload capacity, i.e., a 125

mfd. can be used for a 100 mfd.
capacitor, but an undersized capacitor

should never be used. If it is at all

possible, use an exact replacement
capacitor. The make, model and model
number are usually placed on each
capacitor. If this information is un-
available, or if an emergency cap-
acitor must be used temporarily, there

are several ways to determine the

proper size unit. One of the quickest

methods is to cut the temporary cap-

acitor in the circuit and if it brings

the unit up to running speed and the

relay operates in 3 seconds, the cap-

acitor is very nearly correct. A better

method is to use a specially designed

capacitor selector unit, Figure 7-41.

This selector has a variable capaci-

tance and more mfds. are put in the

circuit (in series) until the voltage

7-41. A capacitor selector unit in operation.

(Aerovox Corp.)
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reading is reached for the unit. The

capacitance registered on the selector

indicates the capacity of the capacitor

to be put in the circuit.

SET SELECTOR SWITCH AT
APPROPRIATE POSITION TO

READ VOLTAGE OR AMPERAGE

7-42. Measuring the capacity of a capacitor.

(Pyramid Instrument Co.)

7-43. A compact ammeter-voltmeter that is quickly
connected to a refrigeration electrical circuit for check-

ing the electrical flow.

(Pyramid Instrument Co.)

Another method that may be used to
check the capacity of a capacitor is
shown in Figure 7-42. The capacitor
is connected to a double-fused line and
the voltage leads of the meter are
connected across the capacitor. The
ammeter reading is obtained by the
heavy probes around the wire.

There are two types of capacitors,
the electrolytic or dry type and the oil

7.44. Taking the amperage reading of refrigerating

unit.

(Pyramid Instrument Co.)

type. These capacitors may all be tested

in the same way. However, the oil type

is usually used only as the continuous

operating type (capacitor run type of

motor) and is usually of much smaller

mfd. capacity.

Some of the capacitors have mech-
anical connectors (machine screws)
while some have solder-type leads. It

is necessary to carry a small electric

soldering iron to facilitate connecting

these latter units.

There are some hermetic testing

units or analyzers that are used to

7-45. Taking the voltage reading of a refrigerating unit.

(Pyramid Instrument Co.)
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check capacitors, motor windings, re-

lays, overload cutouts, etc. Some are

equipped with light indicators while

some use voltmeters, ammeters, ohm-
meters and wattmeters.

A very popular instrument for

checking the electrical flow to a re-

frigerator unit is shoytnin Figure 7-43.

The ammeter scale is at the top and
reads from zero to 25 amperes. This
instrument is quickly connected into the

electrical circuit; reveals the current
flow and the voltage in the appliance
power circuit. The voltmeter has two
scales 0, 125 or 150 and 0-250 or
600 volts. Figure 7-44 shows the instru-

ment being used as an ammeter while
Figure 7-45 shows how the instrument
is connected to obtain the voltage read-
ings.

7-54. WATT READINGS

One of the means to determine the

condition of the motor-compressor unit

ADJUST

BREAK -IN PLUG

7-46. A combination volt, ampere, and watt meter.
(Simpson Electric Co.)

7-47. A combination volt, ampere and watt meter con-

nected between the AC line and the load.

(Simpson Electric Co.)

is to observe the wattage consumption
of the unit. An instrument which is

used to obtain the voltage, amperage
and wattage values is shown in Figure
7-46. Figure 7-47 shows how to con-

nect the wattmeter into the wiring cir-

cuit.
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The meter will give three wattage

readings:

1. Over swing reading.

2. Combined starting and running

winding reading (of only 1 to li

seconds duration).

3. The running winding reading.

When the thermostat contacts close,

the wattmeter pointer will swing to the

right (3), and then it will quickly move

back to the combined reading (2). Then

in one second the pointer will fall to

the running winding reading (1) only.

If the starting winding circuit is

open, the wattmeter pointer will swing

to the right and then move back to the

running winding value only. This action

indicates a bad relay or starting wind-

ing. The overload safety cut-out should

open the circuit in a few seconds (2 to 3

seconds).

If the pointer swings to (3) and then

to (2) and after a few seconds the pointer
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they may be temporarily grounded by
dirt. In part (3) the continuity of both

the running and starting windings is

being checked. Another trouble that

sometimes occurs, especially if the

unit has been overheated, is the short-

ing of the motor winding between them-
selves without a ground being formed.
Any shorting of the mbtbr windings
will increase the current draw, de-
crease the power and overheat the unit.

A shorted unit can sometimes be de-
tected by an interruption in the steady
hum of the motor when it is running,

that is, a noticeable beat occurs in

addition to the steady hum. To check

"5

;
|(y 1 —

:-^\

TF~

6

j^

V J

7-50. Removing a press fit stator. A. Dome; B. Stator;

C. Puller.

for this short, one can roughly deter-

mine its existence by the test light (D).

The test light (D) will be brighter than

normal if some of the windings are

shorted. A better way is to use an

ohmmeter and check the resistance of

the coils. As models are checked,

record the data. Repeated tests have
shown that the approximate resistance

of domestic unit windings are as fol-

lows:
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hermetic units. It is important to re-

member that the workmanship must be

of the highest quality. It is costly to do

all the dismantling over again; the first

repair must be right.

7-57. SERVICING FAN AND FAN
MOTOR

Several hermetic units use motor-

driven fans to force condenser cooling

air through the ducts and over the

condenser and condensing units. To

7-51. A replacement fan and motor with universal

mounting brackets to fit a variety of condensing unit

designs.

(Airserco Mfg. Co., Inc.)

obtain efficient air movement the fan

and condenser are carefully shrouded

or housed in sheet metal. The fans are

very carefully balanced and run almost

noiselessly. The fans are usually fast-

ened to the motor shaft with Allen set-

screws. Some of these motors have
sealed bearings (bushings) and require
no oiling while others need oiling (SAE
10 or 20) amounting to one drop per
bearing each six months. A few motors
are on the market that use only one
bearing. The motors are usually fasten-
ed on brackets and are mounted in
rubber, Figure 7-51.

The motors are usually of the shaded

pole type. The shaded pole produces a

moving magnetic field perpendicular to

the field pole and starts the rotor

turning, Figure 7-52. Approximately

one half of each pole face has a small

copper plate insert (A). This insert

slows up the build up of the magnetic

field through the copper plate enough to

cause a rotating motion of the field.

This action gives time for an induced

built up action of the magnetism in the

rotor (opposite magnetism) to be at-

tracted by it. This action continues as

the alternating current changes the

polarity of the poles and rotor. Although

this design has less starting torque than

other type motors, it is very successful

in small motors 1/6 to 1/100 H.P.,

Figure 7-53. Generally, the fan motor

IIOl/.

7-52. A shaded pole fan motor. S. South polarity; N.

North polarity; A. Shaded pole (copper).

leads are connected to the common
terminal and the running winding ter-

minal of the compressor motor. This

connection puts the fan motor in par-

allel with the compressor motor and

allows it to be controlled by the ther-

mostat. The safety overload cut-out is

also put in the circuit ahead of the fan

so its functioning will also cut out the

fan motor.

The most common troubles are:

a. Loose connections

b. Dry bearings

c. Worn bearings
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d. Burned-out motor
e. Loose fan

f. Out-of-balance fan

g. Fan blades touching housing

Loose or dirty connections will

'cause too much voltage drop and the fan

motor will lose speed, hum -loudly and

overheat. A sensitive^ voltmeter will

quickly locate the faulty^connection. Do
not rely on visual inspection. Dry
bearings will cause the same symptoms
as in the previous statement, but this

condition will last only a short time

before the bearings will either seize

(bind) or become badly worn. Worn
bearings will permit the rotor to vibrate

in the stator causing noise. Also the

magnetic air gap will vary and cause
an annoying hum. When the bearings

wear badly enough to permit a rotor to

rub on the stator the motor will burn
out quickly. Occasionally, the end play

(D) of the rotor becomes excessive and

causes the motor to produce a distinct

knock. Also a reconditioned motor may
have the bearing (bushing) inserts off

position to the extent of forcing the

rotor out of its magnetic center along

its shaft. When the motor is running.it

should float between the extremes of its

end play. One may check this by touch-

ing the end of the rotor shaft lightly as

the motor is running. It should move
back and forth and then settle in be-
tween the extremes of the end play. If

the rotor cannot assume its magnetic
center, it will hum excessively and heat

up unduly. Figure 7-54. A is the stator,

B is the rotor, CC are the bearings

(bronze bushings), D and D' are the end

play portions. When running, the heav-
iest magnetic flow from the stator

tries to line up with the heaviest

magnetic flow from the rotor B. This
aligning must take place with end play

clearance at D and D'. The total

clearance is usually about .030 or 1/32
in.

A rattle in the fan motor is some-
times caused by the fan being loose on

7-53. A high starting torque shaded pole motor.

(Redmond Co.)

the motor shaft. This noise can easily

be remedied by tightening thesetscrew
that fastens the fan hub to the shaft. The
smaller fans have either a round shaft

or a flat spot milled on the shaft (F). If

the fan is abused, the blades may be
forced out of position and one or more

?-£

7-54. A rotor running in its magnetic center. A. Stator;

B. Rotor; C and C Bearings; D and D' End play washers;

and E'. Oil cups; F. Pulley set screw contact surface.

blades will vibrate causing undue noise.

The easiest repair is to replace the

injured fan. Any attempt to rebalance

the blades is very difficult unless

special static and dynamic balances

are available. When the fan blades

touch the fan housing, it may be caused
by the motor being out of line or the

shroud or housing may be warped. The
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contact spot is usually easily detected

and remedied.

7-58. MOTOR PROTECTION

Originally refrigerators had only

plug or cartridge fuses to protect them.

The fuse had to be large enough to

carry the starting current, because the

starting current is much larger than

110 volt single -phase 115 volt DC

H.P. AC R.I. or capaci- compound

tator motors wound motors

3

3

4
6

8

10

7-55. Maximum fuse rating for running protection

(American Society of Refrigerating Engineers)

Snap-Action Thermal Di;

1/8..
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bi-metal would bend enough if the

heating coil became warm and would

open the circuit.

All these devices, however, would

only stop the mechanism if the current

load was too high. If due to excessive

heating from any source, the motor

would overheat and th"e unit^ would still

run and damage would 'result. Sources

of excessive heat were: high exhaust

temperatures, poor air circulation, and

friction.

Present refrigerators have safety

devices installed that open the elec-

trical circuit if the motor draws too

much current, if the motor overheats,

and/ or if the compressor becomes too

hot.

Figure 7-56 illustrates a bi-metal

device that opens the circuit if the

bi-metal disc reaches a temperature

that will cause it to snap in the other

direction. Considerable damage can

result from overheating either the com-
pressor or the motor. These two con-

ditions could occur without the current

draw becoming excessive. It is there-

fore necessary to use overload devices

which will open the circuit if any type

of overheating occurs. These controls

are temperature operated and receive

their heat from the motor, the com-
pressor, and the current draw of the

motor.

Figure 7-57 shows a three-way
protector on a hermetic system. Figure
7-58 shows the action of a bi-metal

snap action current-actuated and heat-

actuated overload protector in a con-

ventional motor.

7-59. REVIEW QUESTIONS

1. List the types of motors used in

domestic refrigeration.

2. How many field windings are
used in 110-220 volt repulsion-

start induction motors?
3. Why must an open motor be

cleaned regularly?

4. Do all repulsion-start induction

motors have brush-lifting mech-
anisms?

5. What is the purpose of short-

circuiting the commutator of a

repulsion-start induction motor?
6. Explain the two types of com-

mutators.

7. What is the running winding watt-

age of a 1/8 H.P. hermetic
motor?

8. Why is a plug fuse inadequate

protection for a motor?
9. What advantage does a capacitor

motor have over a repulsion-

start induction motor?
10. How often should motor bearings

be oiled?

11. Why do some motors have rubber
or spring mountings?

12. What kind of electric motors are
usually used in hermetic refrig-

erators?

13. What are the common voltages

used on direct current motors?

14. How can radio interference
caused by the refrigerator motor
be reduced?

15. How many terminals does a her-
metic motor usually have?

16. How many windings does a her-
metic motor stator have?

17. Why are some- motors called

split-phase motors?
18. What is the most common design

problem with hermetic motors?
19. Why are hermetic motor field

windings insulated in a special

way?
20. What kind of rubber does a

replacement terminal have?

21. What is a capacitor?

22. Is the capacitor connected in
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series with the starting winding?

23. What usually happens in the

starter winding circuit when the

motor reaches the correct

speed?

24. What type motors are used to

power fans used on hermetic

systems?
25. How is the fan motor electrically

connected to compressor motor?

26. Why is the hermetic motor some-
times run backwards?

27. How may a shorted capacitor be

detected?

28. What is voltage drop?

29. How much may the voltage drop
at the motor terminals before it

causes trouble?

30. How should the wiring be marked
for easy circuit tracing?

31. What is the magnetic center of

a motor?
32. What is electrical continuity?
33. Describe a compound wound D.C.

motor.

34. How long does current flow in
one direction when 60 cycle cur-
rent is used?

35. Why is yarn used in some electric
motors?
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Chapter 8

REFRIGERANTS

To obtain a transfer of heat from
the inside of a cabinet to the outside or

in order to refrigerate, a heat carrier

must be used.

Fluids which can be changed easily

from a liquid to a gas and from a gas

to a liquid are used as the medium
because such a change of state is

always accompanied by a change in heat

content. Some fluids are better than

others. The most popular ones, espec-

ially for automatic refrigeration, are

discussed in the next few paragraphs.

8-1. REQUIREMENTS FOR
REFRIGERANTS

There are certain desirable char-

acteristics which a fluid used as a

refrigerant should possess. They are:

1. It should be non-poisonous.

2. It should be non-explosive.

3. It should be non-corrosive.

4. It must be non-flammable.

5. Leaks should be easy to detect.

6. Leaks should be easy to locate.

7. It should operate under low pres-

sure (low boiling-point).

8. It should be a stable gas.

9. It should be easy to lubricate

parts moving in its presence.

10. It should be non-toxic.

11. It should have a well balanced

latent heat of evaporation value

per unit of weight.

12. It should have a small relative

displacement to obtain a certain

refrigeration effect.

13. Some difference between the

vaporizing pressure and the

condensing pressure should be a

minimum.
Some common refrigerants in use at

present are:

1. Sulphur dioxide SO2 . . .(Par. 8-19)

2. Methyl chloride CH3CL. (Par. 8-17)

3. Ammonia NH 3
(Par. 8-15)

4. Dichlorodifluoromethane

(Freonl2)C C12F 2 . . .(Par. 8-6)

5. Iso-butane(Freezol) . .(Par. 8-22)

6. Ethyl chloride C 2H 5CL.(Par. 8-16)

7. Carbon dioxide C02 . . .(Par. 8-4)

8. Methyl formate C 2H4 2 (Par. 8-18)

9. Methylene chloride (Carrene)

CH 2CL 2
(Par. 8-13)

10. Chlorotrifluoromethane

(Freonl3)C C1F
3

. . . .(Par. 8-8)

11. Dichlorotetrafluoroethane

(F-114)C 2CL 2F4 . . . .(Par. 8-12)

12. Dichloromonofluoromethane F-21

(Thermon)CH CL 2F . .(Par. 8-9)

13. Monochlorodifluoromethane

F-22CHC1F 2
(Par. 8-10)

14. Freon 11 Carrene No. 2 (Par. 8-5)

The first requirements are almost

self-explanatory because it is only

natural that an automatic mechanism
be safe from the possibility of being

poisonous, flammable, or even explo-

sive.

The refrigerant must be non-corro-

sive in order that the more common
metals may be used for constructing

the machine and for giving a long life

to all the parts.

The refrigerant should be such that

its presence and its source may be

very easily detected in case of leaks.

This is mainly a service feature.
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REFRIGERANTS

National Refrigeration

Safety Code Group

Group 1.

Carbon dioxide

F-12
Kulene-131 y.
F-21 .^.,-.,^

F-114
Carrene #1
F-ll
F-22
F-113
Methylene chloride

Group 2.

Ammonia
Dichloroethylene
Ethyl chloride
Methyl chloride
Methyl formate
Sulphur dioxide

Group 3-

Butane
Ethane
Iso butane
Propane

National Board of Fire Underwriters'

Refrigerant Toxicity Classification

Class
2 3 4

8-2. A tabulation of common refrigerants by National

Refrigeration Safety Code groups and by National

Board of Fire Underwriters toxicity classification.

It is desirable to keep normal

pressures in the refrigerator as close

to atmospheric pressure as possible,

because any excessive differences

greatly aid any leaking tendencies,

overwork the compressor, and

decrease the efficiency of the valves.

In order to stand years of re-

peatedly changing its state, it is neces-

sary to use a very stable gas or

refrigerant in an automatic machine
and the refrigerant must not be harmful

to the lubricants used. Figure 8-1 is a

table of properties of common re-

frigerants.

8-2. CLASSIFICATION OF
REFRIGERANTS

Refrigerants have been classified

by two different national groups. They

are:

The National Refrigeration Safety

Code.

The National Board of Fire Under-
writers.

The National Refrigeration Safety

Code divides all refrigerants into three

groups. These are:

Group I - Safest of the refrigerants:

Freon 113, Methylene Chloride,

Freon -11, Freon -21, Freon 114,

Freon -12, Carrene -7, Freon -22,

Kulene 131, Carbon dioxide, Freon

-13, Freon -14.

Group II - Toxic and somewhat flam-

mable refrigerants:

Dichloroethylene, Methyl Formate,

Ethyl chloride, Sulphur dioxide,

Methyl chloride, Ammonia.
Group III - Very flammable refriger-
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ants

Butane, Iso-Butane, Propane, Ethane,

Ethylene, Methane.

The National Board of Fire Under-

writers has also classified refrigerants

based mainly on their degree of toxi-

city. There are six divisions in this

scale. Class one is the most toxic,

while Class six is the least toxic.

Figure 8-2 lists common refrigerants

by group and by toxicity.

One should use a refrigerant that

has the best rating in both classifica-

tions if a choice is possible.

Dichlorotetraflouromethane

D F-114 C 2C1 2 F4
Dichloromethane (Carrene No. 1)

(Methylene Chloride) CH2 C12
Trichloromonofluoromethane

F-ll (Carrene No. 2) CCI3F
Monochlorodifluoromethane

F-22 CHC1F 2

The pressure-temperature curves

for the Group I refrigerants are shown
in Figure 8-3.

The refrigerants in this group may
be used in the greatest quantities in

any installation. The code allows sys-

8-3. Pressure temperature curves for Group One refrigerants.

8-3. GROUP I REFRIGERANTS

The Group I refrigerants are con-
sidered the safest refrigerants on the

basis of fire hazard and toxicity. The
refrigerants in Group I are:

Carbon dioxide CO?
Dichlorodiflouromethane

F-12 C C12F 2
Dichloromonoflouromethane

F-21 C H C1 2 F

terns to use up to 20 pounds of this

refrigerant in hospital kitchens; up to

50 pounds (indirect system) Chapter 29

in public assemblies; up to 50 pounds
in residential use provided special

precautions are taken, and up to 20

pounds in residential air conditioning

systems.

8-4. CARBON DIOXIDE

Carbon dioxide differs considerably
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Pressure Volume Density Heat Content

Gas Liquid B.T.U./lb,

1° ££ i:S* 2:8 ™ *:» £:»

12.27 97.8 8.88 84. 00
24-72" 2

5 23.95" 2.93

10 23:i0 3^52 10.83 97.5 9.88 83.60

20 21.08" 4.34 8.52 96.72 11.87 82.82

30 18 61 5.56 6.78 95.94 13-88 82.03

40 15.61" 7.032 5.447 95.14 15.89 81.22

50 12.00 8.80 4.421 94-34 17.92 80. 40

60 7.73" 10.90 3.636 93.53 19.96 79.57

70 2.64" 13.40 2.993 92.71 22.02 78.71

80 1.61 16.31 2.492 91.88 24-09 77.84

86 3.58 18.28 2.242 91.38 25.34 77.31

90 4 99 19.69 2.091 91.04 26.18 76.95

100 8.90 23-60 1.765 90.19 28.27 76.03

110 13.39 28,09 1-499 89.34 30.40 75.08

120 18.50 33.20 1.281 88.47 32.53 74.10

140 30.80 45.50 .9505 86.69 36.84 72.07

150 38.15 52.85 .8240 85.78 39.02 71.00

160 46.34 61.04 -7176 84.85 41-23 69.89

8-5. A table of the properties of Freon I I (Carrene

No. 2).
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changes from a solid to a gas and does

not go through its liquid state.

8-5. FREON 11 (CARRENE #2)

Trichloromonofluoromethane (CCI3
F) is a synthetic chemical produced

especially for refrigeration use. It is a

stable refrigerant, it is_aon~flammable

and non-toxic. As much as 3 5 pounds of

this refrigerant can be used for each

1000 cubic feet of air conditioned

space (a room approximately 10 ft. x

12.5 ft. x 8 ft). This refrigerant is

considered a low pressure refrigerant

as it has a standard low side pressure

at 5 F. of 24 inch vacuum and a high

side pressure at 86 F. of 18.2 psi,

Figure 8-5. Its latent heat at 5 F. is

84.0 Btu, but each pound forms 12.3

cubic feet of gas at this temperature.

This refrigerant is extensively used in

large centrifugal compressor systems.

Leaks may be detected by using the

electronic detector or by using the

halide torch. It is safe to use 35 pounds

of this refrigerant per 1000 cubic feet

of air conditioned space.

8-6. FREON 12 (DICHLORODI-
FLUOROMETHANE)

Freon or dichlorodifluoromethane

is a colorless, almost odorless gas

with a boiling-point of -21.7 F. at

atmospheric pressure. It is non-toxic,

non-corrosive, non-irritating, and non-

flammable. It is generally prepared by

replacing chlorine in carbon tetrachlo-

ride with fluorine. Chemically it is

inert at ordinary temperatures and

thermally stable up to 1022 F., Figure

8-6.

Freon has a relatively low latent

heat value and this is a decided ad-

vantage in the smaller refrigerating

machines, because the large quantity of

liquid circulated will permit the use.of

less sensitive, more accurate, and
more positive operating and regulating

mechanisms.

It operates at a low but positive

head and back pressure, and with a good

volumetric efficiency.

A Freon leak may be detected by

means of a halide lamp. This lamp may
be described as a torch burning alcohol,

which under normal conditions pro-

duces a colorless flame. A tube fasten-

ed to the base of the burner is used

to conduct the air suspected of con-

taining the vapor through the flame and

over metallic copper. Owing to the

breaking down of the refrigerant in the

flame a volatile copper halide is form-
ed, and a flame color changes from the

normal colorless to bright green if the

air contains as much as 0.01 per cent

of the gas.

It is only slightly soluble in water,

and the solution formed is very slightly

corrosive to any of the common metals

used in refrigerator construction. The
addition of mineral oil to the gas has no

effect upon the corrosive action, except

possibly to decrease the amount of

discoloration caused by the free water.

1. It is non-flammable.

2. It is non-explosive.

3. It is non-irritating.

4. It is non-toxic.

5. It has no odor even in fairly high

concentrations.

6. It is stable.

7. It is non-corrosive.

8. It has no effect on flowers,

fruits, vegetables, dairy pro-

ducts, furs, or other materials

being refrigerated.

From an engineering viewpoint,

complicated heat tables are used to

study the properties of the refrigerants,

but all that is needed to be known in

order to understand the operation and to

be able to service the mechanism is the

temperature-pressure curve of the

fluid, i.e., the vaporization temperature

at any pressure, Figure 8-7.

It is safe to use 30 pounds of this

refrigerant per each 1000 cubic feet of

air conditioned space.
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This refrigerant is available in a

variety of amounts in special cylinders

and it can also be obtained in hermet-

ically sealed one pound cans. The

cylinder code color is white.

A typical F-12 cycle is shown in

Figure 8-8. The cycle is for a frozen

foods unit.

6-7. KULENE

per pound at 5 F. and a latent heat of

44.88 Btu per pound at 5 F.

This refrigerant is non-toxic and

non-flammable which would put it in

the Group I, Class 5 or 6, Fig. 8-9.

It is a patented refrigerant and it has

not been used extensively to date. It is

usable with all common metals.

8-8. FREON 13 (CHLOROTRI-
FLUOROMETHANE)

This refrigerant was especially de- Freon -13 is a refrigerant espec-

veloped for low temperature systems, ially developed for low temperature

It has a boiling temperature of -73.6 F. applications. It is a safe refrigerant to

60 70 BO 90 100
TOTAL HEAT- BTU /LB.

8-7. A pressure-heat chart for F-12.

(American Society of Refrigerating Engineers)

at atmospheric pressure. Its condens-
ing pressure at 86 F. is 247.1 psig. It

has a gas volume of .3854 cubic feet

"TOTAL HEAT BTU/PD

8-8. A pressure-heat diagram of freezer application for
F-12 refrigerant.

use both on a flammability basis and a

toxic basis.

Its boiling pressure at 5 F. is 17;
:

:

psig and it must be condensed at tem-
peratures less than 83.93, its critical

temperature. Its latent heat at 5 F. it

45.56 Btu per pound, Figure 8-10.

The development of this refrigerant

indicates the steady increase in low

temperature refrigeration applica-

tions, Figure 8-11.

8-9. FREON 21 (DICHLOROMONO-
FLUOROMETHANE)

The 1935 Crosley rotary units used
a refrigerant called Thermon. It is a
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Temp.F Pressure

t psig

Volume
cu.ft./lb,

psia Vapor

-200

-190

-180

-170
-160

-150

-140

-130

-120

-110

-100

-90

-80

-70

^0

-50

-40

-30

-20

-10

10

20

30

40

45

50

55

60

65

70

75

80

*29.04"
*28.40"
*27.40"
*25.92"
*23.60"

*20.83"
*16.78"

*11.43"
* 4.51"

2.11

7.53

14.19
22.28

31.98

43-49

57.01

72.73
90.90
111.7

135.4

162.1

192.1
225.7
263.2

304.9

327.5
351.2

376.1

402.3
429.8

458.7

489.0
520.8

0.4329
0.7490
1.238
1.967
3.104

4.464
6.455
9.080
12.48
16.81

22.23
28.89
36.98
46.68
58.19

71.71

87.43
105.6
126.4
150.1

176.8
206.8

240.4
277.9
319.6

342.2
365.9
390.8
417.0

444.5

473.4
503.7
'535.5

61.33
36.74
22.99
14.942
9.750

6.976
4.950
3.605
2.681
2.031

1 . 5642
1.2232
0.9689
0.7766
0.6289

0.5139
0.4234
0.3512
0.2930
0.2454

0.2066
0.17443
0.14732
0.12437
0.10455

0.09565
0.08734
0.07945
0.07189
0.06468

0.05767
0.05027
0.04131

Density
lb./cu.ft,
Liquid

105.6
104.4
103.2
102.0
100.8

99.60
98.33
96.99
95.69
94.34

93.02
91.66
90.17
88.73
87.26

85.69
84.10
82.44
80.71
78.86

76.98
74.91
72.73
70.32
67.70

66.27
64.68
62.97
61.09
58.96

56.46

53.36
48.85

Heat Content
B.T.U. 'lb.

Liquid
hf

-34.551
-32.429
-30.298
-28.208
-26.083

-24.010
-21.902

-19.792
-17.671

-15.527

-13-387
-11.241
-9.052
-6.843
-4.604

-2
. 320

0.000
2.363
4.809
7.484

10.052
12.696
15.443
18.247
21.370

22.979
24.. 651
26.418
28.310
30.322

Latent
h
73.096
72.029
70.970
69.904
68.808

67.783
66.696
65.596
64.473
63.316

62.138
60.941
59.672
58.362
56.993

55.546
54-023
52.416
50.668
48.630

46.638
44.479
42 . 100
39.472
36.450

34.769
32.958
30.946
28.677
26.137

32.515 23.193
35.110 19.382
38.527 13.565

83.93 546.6 561.3 0.02772 36.08 45.271

8-10. A table of the properties of F-13.

("Kinetic" Chemicals Div.)
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having operating pressures of 27.5

inches vacuum at 5 F. and an 8.8-inch

vacuum at 86 F. Its chemical formula

is CH 2
C12 and its freezing temperature

is -142 F. Figure 8-17. The gas has a

slight odor which is not distasteful. It

may be carried or stored in tins, al-

though the refrigerant evaporates under

room conditions fast enough to warrant

sealing the cans in which it is stored.

The refrigerant may be poured into a

system through a funnel when charging.

The specific heat of the liquid is .34

and its boiling-point at atmospheric

negligible, but any moisture may freeze

at the refrigerant control.

The Grunow used a 5/8 inch O.D.

suction line because this refrigerant

forms 49.9 cubic feet of gas per
pound at 5 F. However, this does not

increase the power required to run

the machine as the high side pressure
is below atmospheric pressure.

8-14. GROUP II REFRIGERANTS

The Group II refrigerants are toxic

refrigerants that are irritating to

Pressure Volume
Gas

Heat Content
B.T.U./lb.

Temp.F. psig psia cu.ft./lb. Liquid Latent

-40
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refrigerators. Methyl chloride has also

almost disappeared in new machines.

However, there are many sulphur diox-

ide and methyl chloride charged units

still in use.

8-15. AMMONIA

Ammonia is one of the most com-

mon of all the refrigerants for large

industrial use. It is a chemical com-

pound of nitrogen and hydrogen (NH3)

and under ordinary conditions is a

colorless gas. Its boiling temperature

at atmospheric pressure is -28 F. and

its melting-point from the solid -108 F.

The low boiling-point makes it possible

to secure refrigeration at temperatures

considerably below zero without re-

sorting to pressures below atmospheric

in the evaporator. Its latent heat at 5F.

is 565 Btu per pound, so that large

refrigerating effects are possible with

the use of relatively small-sized mach-

inery. Condensers for ammonia mach-

ines are almost always of the water-

cooled type. Under ordinary operating

conditions, the condenserpressure will

vary from 150 to 200 pounds per
square inch, Figure 8-19.

Ammonia is somewhat flammable
and with the proper mixture of air will

form an explosive mixture. Accidents
from this source, however, are rare.
Ammonia gas is not classed as poison-
ous, but its effect on the respiratory
system is so violent that only very
small quantities of it can be breathed.
About .35 volumes per 100 volumes of
air is the strongest concentration bear-
able for any length of time. Because of
its pronounced and distinguishable odor
and also the white smoke-like fumes
that it forms in the presence of sulphur
vapor, ammonia leaks may be quickly
and easily detected.

Ammonia, although attacking copper
and bronze in the presence of a little
moisture, does not corrode iron or

steel, and it presents no special pro-

blems in connection with lubrication

other than those attendant upon the

extreme temperatures encountered in

the system. Ammonia gas is extremely

soluble in water. It is used in large

machines and in practically all of the

absorption types. Refer to Figure 8-18

for the vapor pressure curves for this

refrigerant.

8-16. ETHYL CHLORIDE

Ethyl chloride is a little used re-

frigerant which is similar in many
respects to methyl chloride, being a

member of the same chemical family.

The outstanding difference is found in

the low pressure at which it evaporates.

At atmospheric pressure, the boiling

temperature of ethyl chloride is 55.6 F.

Therefore, it is necessary to operate

with an evaporator pressure below that

of the atmosphere. This disadvantage is

somewhat counterbalanced by the cor-

respondingly low pressure encountered

in the condenser. Pressures in the

condenser of from 10 to 20 psi are

common, and, as a result of the low

pressure operations, ethyl chloride is

sometimes more suited for use in the

rotary compressor than in the more
common reciprocating type.

The use of ethyl chloride presents

the same difficulty of lubrication and

leak detection as does methyl chloride,

and the substance itself possesses

similar explosive and combustible

characteristics. Its odor is similar tc

that of ether and its effect is of a like

nature but much milder. Its latent heat

of evaporation at 5 F. is 177 Btu per

pound. It is not being used in any re-,

frigerator produced at present, al-i

though it was used in the Holmes
two-stage rotary machine and in the

Welsbach. Refer to Figure 8-18 forthe

vapor pressure curves for this re-

frigerant.
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Pressure Volume
Gas

Temp.F psig psia cu.ft./lb.
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We now know that insufficient quantities

of desiccant were used and many methyl

chloride machines were very wet and

acidic. Copper plating was the natural

result of these conditions. A drier eight

times as large as for the same poundage

of "Freon-12" should be used. Copper

plating does not take place in dry

machines.

Conventional "Freon" oils may be

used with methyl chloride. Low wax

content oils of this type are preferable

to prevent plugging of capillary tubes

and expansion valves with wax.

2 inches of vacuum. The gas is slightly

flammable and at 5 F. 1 pound forms
47 cubic feet of gas. Its freezing-point

is -148 F. and it has a critical tem-
perature of 418 F. The latent heat of the

gas at 5 F. is approximately 236 Btu

per pound. The specific gravity of the

liquid is .9531 and the specific heat of

the liquid is .515 Btu per pound.

The General Electric unit, which
uses this refrigerant, has a vertically

mounted motor under a dome driving a

rotary compressor directly. The unit

looks similar to this Company's sulphur
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the early automatic refrigeration units.

Sulphur dioxide was first produced in

177 5 and in addition to its use as a

refrigerant, it has considerable use in

the industries for such purposes as

refining sugar, bleaching wool, pre-

serving food, and fumigating. It is

usually produced by^he burning of

sulphur in the presence*df oxygen. Its

chemical formula is SO2. At atmos-

pheric pressure and all temperatures

above 14 F. it is a colorless gas of

very pronounced odor. Its boiling-point

at atmospheric pressure is 14 F. and

melting-point -103.4 F. Its critical

temperature is about 314.8 F. As a

result of its boiling temperature being

at 14 F., it is necessary to operate at

pressures somewhat below atmos-

pheric when temperatures below this

figure are required. Little difficulty,

however, has been experienced as a

result of this and other advantages

tend to offset it. The boiling-point,

for instance, makes condensation of the

gas easy and it is rarely necessary to

exceed a pressure of 100 psi in the

condenser. Water-cooled machines

with as low as 30 pounds pressure in

the high side are not uncommon in

winter operation. Refer to Figure 8-21

for a table of the properties of sulphur

dioxide.

The latent heat of sulphur dioxide

at 5 F. is 169.38 Btu per pound. This

is not quite one-third of the value for

ammonia under the same conditions;

and although it makes necessary a

circulation of almost three times the

amount of sulphur dioxide as of am-
monia for the same amount of re-

frigeration, it is not a disadvantage in

the case of the small capacity mach-
ine, for it permits the construction of

the parts of a sufficiently large size to

be practical and efficient.

Sulphur dioxide is non-explosive and

non-flammable. Although of an irritat-

ing odor, it is comparatively non-toxic.

As little as three parts by volume, in

one million parts of air, is enough to

produce a noticeable odor and thus call

attention to the presence of the gas. In

addition to its odor, SO2 leaks are

easily detected and located by means of

a 28 per cent solution of ammonia.
With this method the most minute leak

can be detected. The aqueous ammonia
is purchasable in any drug store and

when used with a swab the presence of

SO2 is revealed by a white smoke form-
ing when the ammonia vapors and the

SO2 vapors react.

The lubricating problem in connec-

tion with SO 2 is perhaps easier than

with any other refrigerant, for sulphur

dioxide itself possesses certain lub-

ricating properties. It does not react

chemically with the proper kind of oil

and is approximately 50 per cent heav-

ier than the oil. One must remember
that oil is not soluble in any refrigerant

while that refrigerant is in its gaseous

state. Most oils are somewhat soluble

in SO2 (8 to 10 per cent), but the usual

extent of solubility is more of an aid than

otherwise, for it permits of a desirable

circulation of the lubricant with the refrig-

erant. The best oil to use is thoroughly

dehydrated, pure mineral oil.

The only characteristic of sulphur

dioxide that is not desirable from the

standpoint of its use as a refrigerant

is its action in the presence of mois-
ture. SO2 combines with water to form
sulphurous acid, which attacks the

ferrous metals of the system. There is

no danger of this, however, when mois-
ture is not present, and modern meth-
ods of manufacture have entirely over-

come the corrosion hazard. "Baking"
or heating all the parts before assemb-
ling them into the system minimizes

corrosion. Refer to Figure 8- 18 for the
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vapor pressure curves for this re-

frigerant.

8-20. GROUP Ml REFRIGERANTS

Those refrigerants that have a high

tendency to burn or form a combustible

mixture with a wide range of concentra-

tion in air are classified as Group III

refrigerants. Under proper design and

installation conditions some of these

refrigerants perform remarkably well.

The refrigerants in Group III are:

Butane C4H10
Ethane C 2H6
Iso-Butane (CH3) CH
Propane C3H3

The pressure-temperature curves

for the Group III refrigerants are

shown in Figure 8-22.

8-21. BUTANE

Butane has a pressure-temperature

relationship of 13.2 in hg at 5 F. and

30.5 psi at 86 F. It has a latent heat

of 170.7 Btu at 5 F. and of 154.0 Btu at

86 F. It forms 9.98 cubic feet of gas at

F. and 2.24 cubic feet at 86 F.

8-22. ISOBUTANE

Iso-Butane, or Freezol, is a re-
frigerant of the butane family of com-
pounds which was used by the Copeland
Company in their refrigerators until

1933. Its properties are such that it

boils at 10.3 F. at atmospheric pres-
sure and has a freezing-point of -229 F.
A good feature of the gas is its critical
temperature of 273 F. which is above
the temperature of any refrigerator
apparatus. The refrigerant is non-
corrosive in the presence of water and
the lubrication of the system is not

difficult. Its chemical formula is the
same as that of butane C4H 10 but the

bonds are different, giving completely

different physical characteristics. The
gas has a specific volume of 7.17

cubic feet per pound at F. and a

latent heat of 159.5 Btu per pound at

5 F.

The only method of testing the sys-

tem for leaks is to build up a positive

pressure and use oil or soap bubbles.

A seal leak may be detected by sub-

merging the compressor in a quantity

of water after a pressure is built up in

the crankcase with air or other means.
Another method is to run the com-
pressor with both the suction and dis-

charge service valves closed and with

gauges in the gauge openings. An in-

crease in the high side gauge reading

indicates a low side leak. A trace of

sulphur dioxide may be put into the

system for testing for leaks, but the

idea is not recommended because if

the system is not moisture free, cor-

rosion will follow. Moisture in the

normal system will freeze at the ex-

pansion valve and clog the orifice, but

a dehydrator will remove this trouble.

Refer to Figure 8-22 for the vapor
pressure curves for this refrigerant.

8-23. PROPANE

Propane is a medium highpressure
refrigerant. One must reduce the cool-

ing unit temperature to -14 F. to use

pressure below atmosphere.

At 5 F. in the evaporator each

pound forms 248 cubic feet of vapor at

27.2 psi. At this temperature each

pound has a latent heat of 170.2 Btu per

pound.

Propane is a common fuel for many
heating and power applications. It is a
product of refining crude oil. Some
cross country refrigerated trucks use
propane as a fuel in place of gasoline.

Since the propane is confined under
pressure in the fuel tank, if it is
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allowed to vaporize at a reduced
pressure, the heat absorbed in changing

from a liquid to a gas amounts to

approximately 170 Btu per pound. By
using vaporizing coils in the refrig-

erated truck space this cooling effect

is used to aid in maintainingnecessary

refrigeration within the cargo space.

1. A non-condensible gas in the

condenser; air for example. The air

won't condense and due toDalton's Law
the head pressure will be the refrig-

erant's gas pressure plus the air

pressure.

2. An overcharge of refrigerant in

a system using a low side float, an

GROUP 3
1 1 h

-10 '—1 I u I I I 1 ' ' ' ' ' ^— '

30d0 10 10 £0 30 10 50 60 70 HO 90 100

P/?e3S OZf£ PS IG

izo 130 /ro iso /6o no fto

8-22 Pressure temperature curves for Group Three refrigerants.

Refer to Figure 8-22 for the vapor
pressure curves for this refrigerant.

8-24. HEAD PRESSURES

The proper head pressure, high side

pressure, or condensing pressure is

very important. If the condensing pres-
sure is too high, the compressor has
to work too hard and too much gas is

left in the compressor clearance pocket

which will reduce the volumetric effic-

iency and finally the temperature of the

exhaust gas will be excessive and may
cause oil deterioration. Above normal
head pressures are caused by one of

four things:

expansion valve, or a thermostatic

expansion valve will fill some of the

heat removing space in the condenser
with liquid refrigerant and reduce the

condensers heat removal ability.

3. If either side of the heat transfer

surface is dirty, this dirt will act as an
insulator and the heat removal capacity

of the condenser will be lowered and
the condenser temperature must raise

to overcome this handicap.

4. If the air movement or the water
movement in the condenser is reduced
by blocked air passages or poor water
line there will not be enough heat

removing media to remove the heat

from the condenser.

215



MODERN REFRIGERATION, AIR CONDITIONING

In air cooled condensers, the head

pressure should correspond to a tem-

perature between 30 F. and 35 F.

higher than the ambient temperature or

the temperature of the air passing over

the condenser.

In a water cooled condenser, the

head pressure should correspond to

temperature 15 F. to 20 F. above the

exhaust temperature of the water.

8-25. LOW SIDE PRESSURES

The low side pressure in a re-

frigerating system depends on the use

the refrigerating system is put to and

the type of evaporating or cooling coil

used.

One must first ascertain the tem-

perature that is desired in the cabinet

or fixture and then adjust the motor
control until this temperature is main-

tained. However, there are many cases

where both a certain cooling coil tem-

perature and a cabinet temperature

relationship should exist.

Certain cabinet temperatures are

fairly standard and the following is a

widely accepted list of cabinet tem-
peratures:

Fixture

Back Bar
Beverage Cooler

Beverage Pre-Cooler
Candy Case (Display)

Candy Case (Storage)

Dairy Display Case
Double Display Case (Duty)

Delicatessen Case
Dough Retarding

Refrigerator
Florist Display

Refrigerator

Florist Storage Case
Frozen Food Cabinet

(Closed)

Frozen Food Cabinet
(Open)

Grocery Refrigerator

Temperature
40-45
40-45

35-40

65-70

58-65

40-45

35-42

40-48

35-40

40-50

38-45

-5 -0

-10 -5

35-42

Retail Market Cooler 35-42

Pastry Display Case 45-50

Restaurant Service

Refrigerator 36-40

Restaurant Storage Cooling 38-45

Top Display Case (Closed) 35-42

Vegetable Display

Refrigerator (Open) 35-55

Vegetable Display

Refrigerator (Closed) 35-48

Refrigerator temperatures depend

on the material put in the fixture. The

following list is based on the applica-

tion of the fixture:

Application Temperature F.

Candy Storage 29-40

Meats 35-40

Bananas 60-70

Candy Display Storage 60-70

Fresh Meats 28-32

Aging Room 35-38

Chill Room 35-39

Curing Room 38

Freezer Room -15

Poultry 28-30

Vegetables, Fresh 32-40

Ice Cream Hardening -25

Ice Cream Storage -10-0

Plants and Flowers 38-50

Fur Storage 15-40

Locker Room 0- 5

It is necessary to have the correct

sized cooling coil to produce the tem-
perature desired. If the coil is over

capacity it will have an above normal
temperature and if the coil is under-
sized it will have to be at a below

normal temperature.
The refrigerant will always be cold-

er than the coil when the unit is running

and for the same reason the cooling

coil will always have a lower tem-
perature than the fixture temperature.

Normally the refrigerant will be 10

F. colder than the coil temperature
when the unit is running and the re-

frigerant and the cooling coil will

become the same temperature during

the off cycle.
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The cooling coil surface tempera-
ture is definitely dependent on its size

as compared to the heat it must re-
move from the fixture per unit of time.

A standard air cooling coil of the

* frosting type (domestic type) will vary
from F. to 25 F. and the refrigerant

temperature will be about 10 F. lower
than this or in the range of -10 F. to

15 F.

8-26. USE OF THE PRESSURE
TEMPERATURE CURVES

4. The temperature of the refrig-

erant in a water-cooled con-
denser is approximately 20 F.

warmer than the watertempera-
ture at the drain outlet.

5. The temperature of the refrig-

erant in the condenser is the

same as the temperature of the

cooling medium after the unit has
been shut off for 15 to 30 minutes.

8-27. USE OF PRESSURE
TEMPERATURE TABLES

The vapor pressure curves repre-
sent the various pressures produced
by the refrigerants under various tem-
peratures. The vertical scale is the

F. temperature scale. To determine
the pressure of the refrigerant at any
particular temperature, read horizon-
tally from the temperature reading

until the curve of the particular re-

frigerant is reached; then move direct-

ly down and the pressure may be read
on the horizontal scale. For example,
the pressure of methyl chloride at a

refrigerant temperature of 100 F. is

104 psig. The temperature is always
the temperature of the refrigerant.

The same curve may be used for

determining both the condensing and
evaporating temperatures and pres-
sures. The condensing values are the

higher values. When using this chart,

several things must be kept in mind:

1. The temperature of the refrig-

erant in the cooling coil is ap-

proximately 8 F. to 12 F. colder
than the coil when the compres-
sor is running.

2. The temperature of the refrig-

erant in the cooling coil is the

same as the coil temperature
when the compressor is stopped.

3. The temperature of the refrig-

erant in an air-cooled condenser
is approximately 30 F. to 35 F.

warmer than the room tempera-
ture.

The pressure-temperature re-
lationship of the refrigerants under
saturated conditions can be shown in

the tables as well as pictured in

graphs

.

The table can also be used to show
the volume of one pound of the gas at

that temperature, as well as the latent

heat, the specific heat of the liquid,

and the density of the liquid. All these

values are of great value to an engineer
and to a sales engineer.

To use the tables select the tem-
perature being investigated in the left

hand vertical column and then move
across to the other columns horizon-
tally to determine the pressure, etc.

8-28. SELECTION OF REFRIGERANT

To have an economical refrigerator
mechanism the designer must choose
the refrigerant that will qualify and
also be good in the following respects:

In order to refrigerate, the gas when
passing from a liquid to a gas must
absorb heat; that gas which absorbs
the most heat per pound as it changes
its state is usually the most desirable.

That is, any fluid which will answer the

practical requirements and which re-

quires a great deal of heat to change it

from a liquid to a gas is the re-
frigerant wanted. There are several
other design requirements to be met,
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one of which is that the specific volume

of the gas, and volume per unit of

weight, must be kept small in order that

a compressor of small size may be

used.

It must not be forgotten that cost

and availability determine to a con-

siderable extent the kind of fluid used.

All of the above factors decide

which refrigerant is to be used; the

final choice is that one which satisfies

the greatest number of all of the above

and all of the necessary requirements.

8-29. HERMETIC SYSTEM
REFRIGERANTS

The first hermetic units produced

in the 1920's used sulphur dioxide

refrigerants. The properties of this

refrigerant are explained in Paragraph

8-19. In the late 1920's and early 1930's

methyl chloride was used to some
extent. The Grunow refrigerator used

Carrene (methylene chloride). In 1934

the Frigidaire Corporation introduced

their hermetic unit using Freon 114.

This refrigerator has been the ex-

clusive user of this refrigerant in most
of their small hermetic units ever

since. The Crosley Corporation used

F-21 (Thermon) with their 1935 units.

However, the most popular hermetic
refrigerant has been, and still is,

Freon 12 except for low temperature
units (Frozen Foods units) where Freon
22 is quite popular. The properties of

Freon 12 are described in Paragraph
8-6. The refrigerants used in hermetic
refrigeration units must be of the best
quality. They must contain an absolute
minimum of foreign matter and mois-
ture. And it is imperative to transfer
these refrigerants in chemically clean
cylinders and lines. Always charge a
unit with refrigerant in the gas form
(never put liquid in the unit). Always
warm the charging cylinder with water,
never use an open flame because of
danger of overheating.

8-30. CHANGING REFRIGERANTS

it is not recommended to change

refrigerants in a machine that has been

designed for a particular refrigerant.

However, if this has to be done in

extreme cases, the following pointers

may prevent considerable trouble. In

general, it is best to use expansion

valves and a dry system when sub-

stituting refrigerants rather than at-

tempt to recalibrate float controls; also

it should be remembered that many
small engineering features that are

incorporated in a unit to promote

efficiency for the particular refrigerant

selected will be lost if a change in

refrigerant is made.

If a capillary tube is used it will

need replacement if the density or the

pressure differences are changed. Al-

ways rememberto clean the mechanism

thoroughly and replace the oil before

the refrigerant is changed.

8-31. REPLACING FREON-12
WITH METHYL CHLORIDE

Methyl chloride is the most fre-

quently used substitute for Freon. Its

use is only recommended in extreme
cases of emergency and Freon (F-12)

should be put back into the unit as soon
as possible.

Do not put methyl chloride in Freon
units that use aluminum gaskets. The
conversion may be done in small dom-
estic units without any changes, if auto-

matic expansion valves or high side

floats are used. If thermostatic expan-
sion valves are used, they must be

readjusted or replaced. The unit will

run more of the time; however, the

power consumption will not be much
greater due to the lower head pres-
sures. The cost of operation may be
slightly increased.

Larger units may necessitate a

larger motor pulley (25 per cent in-

crease in diameter) in order that the
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compressor may be speeded up to take

care of the increased volume of gas.

This increase in pulley size may de-

mand a longer belt. Excessive com-
pressor speeds should be avoided.

8-32. SUBSTITUTING METHYL
CHLORIDE FOR'SULPHUR
DIOXIDE

It is possible to make this change,

but a smaller pulley should be put on the

motor, for the compressor will not have

to run as fast for methyl chloride; also

the higher head pressure under which

methyl chloride operates makes it

necessary to use a smaller pulley on

the motor or to replace the motor with

a larger one. If any kind of float re-

frigerant control is used, it must be

replaced with the float for methyl

chloride; the density of the two re-

frigerants is entirely different, as may
be seen from the table (Figure 8-20).

It is common practice to use an ex-

pansion valve to replace float refrig-

erant controls when changing refriger-

ants.

8-33. SUBSTITUTING SULPHUR
DIOXIDE FOR METHYL
CHLORIDE

This may be done, but the compres-
sor must be speeded up and the system
must be thoroughly dried out (baked at

200 F. under a vacuum for 8 to 24

hours). The speeding up of the com-
pressor is necessary to handle the

increased gas volume. Because of the

lower high side pressure, this can

usually be done by increasing the size

of the motor pulley and without changing

the motor. Again, attention must be

given to the refrigerant control, if it is

other than an expansion valve, to make
sure that all floats are calibrated for

the refrigerant being used.

8-34. SUBSTITUTING SULPHUR
DIOXIDE FOR ISO-BUTANE

It will usually be safe to make such
a change without making any change in

the pulley sizes, although the motor
will have to work a little harder unless

a smaller pulley is used. Again, this

system must be thoroughly dehydrated
by being baked at 200 F. under a
vacuum for 8 to 24 hours. Also, the

refrigerant controls must be checked to

make sure they are calibrated for the

new refrigerant.

8-35. SUBSTITUTING SULPHUR
DIOXIDE FOR ETHYL
CHLORIDE

It is not recommended that this

change ever be made, as many radical

changes are necessary. However, if it

is done, a larger motor must be

installed and the system thoroughly

dehydrated as for other sulphur dioxide

installations. Also, the refrigerant con-

trols must be changed.

8-36. AMOUNT OF REFRIGERANT
IN SYSTEM

The amount of refrigerant that

should be in a system varies with the

type of system. Low side float, auto-

matic expansion valve, and thermo-
static expansion valve systems are not

critical as to the amount of refrigerant.

The method of checking is to charge

gas refrigerant into the low side of the

system until the cooling coil has its

normal amount, the liquid line is at

room temperature and there is no

hissing sound at the refrigerant control

valve. If a pound or two more are put

in the unit this extra refrigerant will

become a reserve stored in the liquid

receiver. The smaller the unit the less

amount of refrigerant is needed as a

reserve. A sure way to determine if the
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system has sufficient refrigerant is to

put a sight glass in the liquid line.

The appearance of gas bubbles in this

sight glass is the sign that the system

is short of refrigerant and it should be

charged until the gas bubbles disappear,

Figure 8-21.

Most systems which use a high side

float or a capillary tube are very

critical as to their refrigerant charge.

If the system is overcharged, the cool-

ing coil will flood and liquid refrigerant

will flow down the suction line causing

sweating and/ or frosting of this line. If

the system is undercharged, the cooling

coil will be undercharged or starved.

The use of accumulator spaces at the

outlet of these cooling coils relieves

the problem somewhat but one must

always be careful of the amount charged

8-37. REVIEW QUESTIONS

1. Why is ammonia not popular in

the compression type, domestic

machines?

2. How may one test for sulphur

dioxide leaks?

3. Why has ethyl chloride been dis-

continued as a domestic refrig-

erant?

4. What is a common head pressure

for air-cooled sulphur dioxide

refrigerators?

5. What is the method used to locate

methyl chloride leaks?

6. What are the low side pressures

at 5 F. for sulphur dioxide and

methyl chloride?

7. What does "halide" mean?
8. What does toxic mean?
9. What refrigerator used Carrene?

10. What oil properties are required

with sulphur dioxide?

11. What other name is F-12 known
by?

12. What properties must oil used
with methyl chloride have?

13. What is the pressure of Freon- 12

at 95 F.?

into these systems. A very common

method of charging these units is to

slowly charge these systems until the

suction line starts to sweat and/ or

frost back and then purge a little at a

time until the frost back disappears.

Remember that one should always

charge a system into the low side if

possible and the refrigerant should be

put into the system in the gas form.

Forcing liquid refrigerant into a sys-

tem may cause serious damage to the

pump and occasionally has caused ser-

ious accidents to servicemen.

Also one should remember that if a

system is short of refrigerant, that the

system has a leak. This leak should be

located and corrected before the system

is charged.

14. What is the temperature of methyl

chloride under a pressure of 20

pounds per square inch gauge?

15. What is the pressure of carbon

dioxide at F.?

16. Is it advisable to substitute re-

frigerants in a system?

17. How may one determine the re-

frigerant temperature in an air-

cooled condenser?

18. What refrigerator used Thermon
as a refrigerant?

19. Name the refrigerants that may
be tested for leaks with the halide

torch?
20. What will be high side pressure

(gauge) in an air-cooled con-

denser using methyl formate

while the condensing unit is run-

ning if the room temperature is

75 F.?
21. What is the normal head pressure

for an air-cooled F-22 system?

22. Is the refrigerant temperature in

the cooling coil the same tem-

perature as the cooling coil?

23. What effect does air in the sys-

tem have on the head pressure?
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Chapter 9

DOMESTIC

REFRIGERATOR CABINETS

The refrigerator cabinet has under-

gone considerable change during the

forty years of its evolution as a kitchen

necessity. The original cabinets were
replicas of the ice box. Wood cabinets

of multiple door construction and fin-

ished in natural wood finishes were
common practice. Solid brass, nickel

plated hardware was standard. The
cabinet lining was galvanized iron or

sheet zinc. Wood or wire mesh shelves

were used. These units weighed as

much as 1000 pounds.

Originally the electric refrigera-

tor consisted of a cooling coil install-

ed in the ex-ice compartment. The
condensing unit was ordinarily installed

in the basement.
The present day refrigerator is a

tremendous improvement over such a

unit. Refrigerators to-day are scienti-

fic marvels of maximum storage space

for minimum exterior dimensions.

They have air conditioned interiors;

efficient, light weight, long lived re-

frigeration units; provide temperatures

as low as - 20 F.; have finger-tip door

control; ice cube removal; shelf avail-

ability and functional beauty. These
features are all results of considerable

research.

Most of the manufacturers have tak-

en advantage of the greater compact-
ness of the hermetic unit to decrease
the condensing unit space, and to en-

large the refrigerated space. Some

companies have designed units so com-
pact that they are mounted in the back
of the cabinet and the full height of the

refrigerator can be used for cold stor-

age. Most refrigerator models are ex-

amples of this practice or accomplish
the same purpose by locating the con-
densing unit near the bottom and back
of the cabinet.

The hardware has been consider-

ably improved for ease of operation

and for durability. The practice of con-

cealing the hinges and the latch is still

progressing. The cabinets are much
lighter as the companies improve on

structural design, more efficient in-

sulation, and use lighter mechanisms.
Several concerns have produced re-

frigerators with overall heights of 30

inches so they may be used as tables

Fig. 9-1. Some refrigerators are being

incorporated in stove -refrigerator

combinations. Automatic defrosting is

popular, as is the use of ultra-violet

ray lamps. Most cabinets now use a

white lacquer exterior and a porcelain

interior with a variety of colored plastic

trim.

9-1. PURPOSE

The purpose of a domestic refrig-

erator is to provide a low temperature

storage place for foods and beverages.

The low temperatures made available

enable people to have fresh fruits,
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vegetables etc. at less expense. It en-

ables a constant supply of ice, and will

keep frozen foods for long periods.

9-2. CLASSIFICATION

Cabinets are classified on many

different bases: The net volume of the

cabinet, right or left door opening de-

sign, with or without a frozen food

9-1. A table height refrigerator. It is used in apart-

ments, recreation rooms, etc.

(Glascock Bros. Mfg. Co.)

compartment, etc. The main parts of a

refrigerator are the frame, the inner
shell, the outer shell, the insulation,

the door, the cooling coil, the con-
densing unit, and the hardware.

9-3. CABINET SIZES

Manufacturers have two popular
ways of classifying cabinet styles and
sizes. One way is by the door design
which may be a single door, double
door, or multiple door. In any case,
the cabinet is usually specified as to
the content capacity in cubic feet. This
usually varies from the smallest of
about 4 cubic feet up to sizes of 15 cu.
ft. In the very large cabinets, the num-
ber of doors usually increases with
the capacity of the unit.

The size of the cabinet may be

classified in two ways: In either gross

cubic feet, or net cubic feet. The gross

cubic contents are measured by multi-

plying the three interior dimensions to-

gether. The net cubic feet (usable cubic

feet) is this volume less the space oc-

cupied by the cooling unit. This latter

volume is usually the one used when
comparing cabinets.

9-4. LOCATION OF CONDENSING
UNIT

Manufacturers have differed as to

the location of the condensing unit in

self-contained cabinets. There seems
to be definite reasons for the positions

that the condensing units have occupied

in the cabinet. Manufacturers placing

the condensing unit in the bottom of the

cabinet have claimed that the condens-
ing unit is more efficient because it is

in the coolest part of the room. Also,

that the shelves of the cabinet are more
convenient being on a higher level and

within the housewife's ready reach.

Manufacturers who have placed the con-

densing unit at the top of the cabinet

claim that this arrangement makes the

cabinet more efficient because the heat

radiated from the condensing unit does

not have to travel past the refrigerated
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9-3. A single door domestic refrigerator. Note the

storage space in the door. This refrigerator has an auto-

matic defrost.

(Kelvinator Div., American Motors Corp.)

portion of the cabinet; therefore less

heat will be transferred from the con-
densing unit back into the cabinet. In

some cabinets the condensing unit and
the cooling unit, are combined as a

single unit that is placed on top of the

cabinet. This makes for considerable

simplicity in assembly and, perhaps,

in servicing of the unit, particularly

if the unit has to be removed from the

cabinet for service purposes.

The latest practice is to mount the

unit in the bottom rear of the cabinet

or in the back of the refrigerator wall,

Fig. 9-2.

From the standpoint of the effi-

ciency of a refrigeration unit it will

probably be best to remove the con-

densing unit from the cabinet entirely

and either place it in the basement, or

in some place that is normally cooler

than the kitchen. One manufacturer

9-4. A double door domestic refrigerator having full length doors on both the freezer and the normal storage

compartment.
(Kelvinator Div., American Motors Corp.)
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9-5. A one door cabinet design with an across the top

freezer.

(Hotpoint Co.)

placed the condensing unit in the base-

ment at no extra charge because it was

realized that extra satisfaction would be

received by the owner from this type of

installation. The consensus of opinion

is that the purchaser of a cabinet is

usually more interested in the conven-

ience of the cabinet and the convenient

elevation of the shelves, than in the

very small increase in efficiency that

may be obtained by any particular loca-

tion of the condensing unit. Figures 9-3,

and 9-4, illustrate two popular cabinet

designs.

Another across the top cooling coil

model is shown in Figure 9-5. This is a

11.6 cubic foot cabinet (2.2 in the freez-

er and 9.4 in the fresh food space). A
two door cabinet is shown in Figure 9-6.

It has a cooling coil for the lower com-
partment too.

A cabinet which has revolving

shelves is shown in Figure 9-7. The

door shelves are adjustable. A two door

9-6. A two door cabinet design.

(Hotpoint Co.)

9-7. A refrigerator cabinet with revolving shelves. The
center post permits the shelves to revolve and also en-

ables the shelves to be adjusted for height.

(General Electric Co.)

cabinet with the freezer in the bottom
compartment is shown in Figure 9-8.

This cabinet has a foot latch to operate

the lower door.

In some of the absorption type

machines the refrigerator mechanisms
are located on the side of the cabinet

due to the ease with which this

mechanical arrangement may be con-
nected with the cooling unit in the cabi-

net. In the more or less conventional
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compressor condensing type, the cool-

ing unit is either placed in the upper

left hand corner of the cabinet, or in

the center of the cabinet. In any event,

the cooling unit is usually placed at the

top in order to provide for the best re-

frigeration of the air and consequently

for the interior of ther cabinet and its

contents.

9-8. A refrigerator cabinet with the freezer located in

the bottom. Note the foot pedal which is used to open
the freezer door.

(General Electric Co.)

9-9. Cooling coil arrangement in typical domestic

cabinets which provide frozen food storage. A. Frozen

food coil; B. Duct to allow cold air to enter regular

storage compartment; C. A separate cooling coil for the

regular storage space; this is a non-frosting coil.

9-10. A domestic refrigerator cabinet. A modern
kitchen refrigerator which provides both a frozen food

compartment, a normal food storage and a large crisper

(high humidity) at the bottom.

(Kelvinator Div., American Motors Corp.)

9-5. COOLING COILS

Many cooling coils are in the form
of a shelf across the top of the cabinet.

Those cabinets with frozen food

compartments have several arrange-
ments for cooling the regular section

of the cabinet. The cabinet construc-

tion is different for each type cooling

coil. Some models use a wrap around
freezer coil, which is commonly made
of aluminum. This freezer is bolted to

the roof of the inner liner and it has a

metal or plastic tray shelf mounted be-

neath. Controllable air ducts along the

sides and back of this shelf allow cold

air to settle to the regular portion of

the cabinet to refrigerate it, Fig. 9-9.

The other type cabinet construction in-

sulates the frozen foods space from the

regular space and a separate coil is

used to cool this space. The separate

coil is either a secondary coil or is in

the regular cycle as an overflow coil

using a suction pressure valve, or it

may have a separate condensing unit.
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9-6. DESIGN FEATURES

These cabinets have two major

characteristics:

a. More ice cube and frozen food

space is provided

b. More refrigerated space com-

pared to the same external di-

mensions of the cabinet

The growing popularity of frozen

foods has caused refrigerator manu-

facturers to redesign the interiors of

their cabinets to enlarge the cooling

coils to make more space available for

frozen food storage. Some are using as

9-11. A revolving refrigerator shelf. The center column

supports the shelf and also provides for different shelf

heights.

(General Electric Co.)

much as 25 per cent of the internal vol-

ume for this type of service. To ac-

commodate high container storage and
to use the interior volume more effi-

ciently, most of the cooling coils are
now mounted in the middle top of the

interior. Several companies are using
a flat cooling unit (shelf effect) to pro-
vide this extra service. See Fig. 9-10.

9-7. SHELVING

Present day shelving is made from
stamped steel or aluminum. The shelves
are either mounted on small non-cor-
roding wheels (nylon) or are semi-

circular in shape to permit revolving,

Fig. 9-11.

The roll out shelves must be de-

signed to move easily even though

loaded and they must also be made to

prevent tipping as they are moved out

of the refrigerator, Fig. 9-12.

1 Shelf with rollers

2 Stop pin

3 Stationary roller assembly
4 Screw
5 Stiffener-tapping plate

6 Shelf roller channel

7 Liner

9-12. A refrigerator roll-out shelf assembly.

(Franklin Mfg. Co.)

Most refrigerators also have trays

or bins for the storage of meats (near

the coil) and for fruits and vegetables.

These trays or bins usually have glass

plate covers. Providing shelves in the

door was originated by the Crosley

Shelvador in the '30s. Many cabinets
now have recessed doors with devices

built in to hold beverages, eggs, cheese,

butter, etc.

9-8. REFRIGERATOR CABINET
CONSTRUCTION

The inner shell of the refrigerator

is usually made of one piece of sheet

steel. It is formed in a large press.

Most outer shells are made of several

pieces of steel spot welded or seam
welded into one rigid shell. The outer

shell has a frame welded to its interior.

The shell is painted with a durable

white paint oris porcelain finished. The
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inner shell is also fabricated from sheet

steel. It is usually finished with porce-

lain. The inner shell has provisions for

mounting the cooling coils and shelf

brackets.

9-9. INSULATION

The common use of the ice-box has

shown the advantages of a well-insulat-

ed cabinet. In the development of the

mm
9-13. Three different refrigerator wall constructions.

A. Older type; B. Modern ice box; C. the usual electric

refrigerator box insulation. I. Inner lining usually steel

with porcelain finish; 2. Cardboard backing or a coating

of odorless asphaltum; 3. Dead air space; 4. Hair felt or

equal; 5. Exterior of steel usually lacquered; 6. Cork or

hair felt; 7. Slab insulation wrapped in water-proof

paper; 8. Veneer or paper backing.

ice-box various insulating materials

were used, naturally some were found

to be better than others. In the electric

refrigerator, because the cost of re-

frigeration is largely the cost of pump-
ing out heat that leaks into the box, the

matter of insulation becomes a very

important one. Tests have shown that

the greatest heat load is the heat trans-

fer to the refrigerator through the in-

sulation. As discussed in Paragraph
1-39, there are three ways in which
heat may be conveyed from one point

to another. Care must be taken in the

design of the refrigerator cabinet that

heat is not transferred into the cabinet

by any of these three methods. Heat is

kept from leaking through the cabinet

by lining it with some heat insulating

substance such as cork, corrugated
paper, glass wool, fiber glass, wood
fibre, aluminum foil, or other insulat-

ing material. Cabinets are constructed
with metal or wood frames and have
solid steel inner and outer shells. In-

sulation is inserted between the two
surfaces in slab or package form, Fig.

9-13. The greatest insulation problem
is moisture. Many insulations are made
with equal insulating powers when new,

but as they age, they may become
moisture-laden and lose much of their

insulating ability. To prevent this, all

the insulations are sealed water-tight

before and after putting them in the

cabinet. The problem is to prevent air

from coming in contact with the cold

insulation or inner surface and causing
condensation there. If this moisture

9-14. A cabinet with the inner shell and the door liner

removed. Note how the insulation forms into the space.

(Hotpoint Co.)

does collect, it will eventually ruin the

cabinet. Manufacturers seal the insula-
tion with hydrolene (a petroleum by-
product) which is an odorless tar. After
the insulation is in place, all the
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crevices are filled with this material.

The insulation thickness varies from

two to four inches with three inches be-

ing a good value. Modern insulations

are made to fit the space accurately

and are non-odorous. See Fig. 9-14.

A comparatively new development

in insulation consists of successive

thin metal sheets placed i to 3/4 in.

apart. Metals to be used for this pur-

pose must not corrode readily, must

have structural strength, and must re-

flect heat well. Steel, zinc, lead, cop-

per, tin, aluminum, as well as a num-

ber of alloys, fill these requirements

if processed correctly. Steel and alum-

inum are the metals most commonly

used.

The exceptional degree of reflectiv-

ity of heat possessed by metal surfaces

reduces the radiation through the alter-

nate layers of air and metal, and the

narrow air spaces decrease convec-

tion and conduction.

This type of insulation may be used

in any kind of service at almost any

temperature: In refrigerators at low

rJ>

TWIN

SPEED NUT

9-15. A typical refrigerator door construction. A. Cab-
inet wall; B. Door; C. Plastic breaker strip; D. Rubber

gasket; E. Suction line and capillary tube.

9-16. A modern refrigerator door hinge.

(Crosley Div., Avco Mfg. Corp.)

tion value of materials commonly used
in refrigeration.

To prevent heat transfer by con-

vection, such as would occur if air is

allowed to circulate in and out of the

cabinet, the door joints and other open-

ings to the box are carefully sealed

with rubber seals, such as door seals,

or with sponge rubber in places where
tubing and other lines are led into the

cabinet. Radiation of heat into the box

is lessened to some extent by coating

the outside, and the inside lining of the

cabinet with materials that do not

readily absorb or radiate heat. The
porcelain surface seems to be quite

satisfactory from both of these stand-

points. White enamel lacquer also is

satisfactory.

temperatures, in residences at ordin-
ary temperatures, and in manufactur-
ing processes at high temperatures It
is claimed that less wall thickness is
required for an equal insulating value
of metal insulation than with the usual
materials used for these purposes. See
Chapter 21 for tables giving the insula-

9-10. DOORS

The refrigerator door at one time
was a composite structure of wood and
insulation with exposed hardware. Lat-
er models used a metal interior to the

door. Felt gaskets were used to seal
door joints.
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The all-metal door was the next de-

velopment. It was used with plastic

strips mounted between the porcelain

finished interior surface and the other

%part of the door. The door was built to

recess into the opening.,

Refrigerator doors are now built to

cover almost the entipe fron£ of the re-

frigerator, See Fig. 9-T5V
''

The inner liner of the door is usual-

ly recessed to provide for space for

small shelves. Small vent holes are

provided in the door to release en-

trapped moisture to keep the inner

1 Hinge base tapping plate

2 Fiber spacer
3 Door hinge screw
4 Hinge cover
5 Cabinet door outer shell

6 Hinge wing tapping plate

7 Hinge assembly
8 Tapping plate retainer pin

9 Cabinet outer shell

9-17. A dismantled cabinet hinge showing the various

parts.

(Franklin Mfg. Co.)

liner from sweating. Some doors have

built-in butter cavities. As most of

these use a small heating element an

electric cord must be run from the

cabinet to the door on the hinge side.

Some cabinets use a plastic as the

inner liner of the door.

9-11. HARDWARE

Hardware includes the door latch

and hinges. The early latches and

hinges were made of brass and were
fastened to the cabinet and doors with

brass wood screws. In the 30's most of

the hinges were made of die cast zinc

alloys and used steel pins. However the

castings wore rapidly and soon caused

doors to fit poorly.

The modern hinge is fastened to

steel plates that are welded to the

shell by using machine screws. Sealed

ball bearings are mounted into the

hinge to promote easy door operation.

Because modern doors are larger and

because most of them have built-in

shelves the strength and durability of

the hinges is important.

9-12. HINGES

Present day hinges are usually made
of steel or extruded aluminum, corro-

sion proofed to prevent rusting. That

part of the hinge which is bolted to the

cabinet and door is hidden under break-
er strips. The exposed parts of the

hinge are shaped and finished to blend

in with the general design of the cabi-

net. Fig. 9-16.

That part of the hinge fastened to the

cabinet is called the hinge, that part

fastened to the door is called the hinge

butt. The joining piece is called the pin.

The hinge is usually adjustable on the

cabinet. Shims are used under both the

hinge and the hinge butt to adjust the

distance between the door and the

frame. Fig. 9-17.

The hinges are usually concealed

after installation by using covers, Fig.

9-18.

9-13. LATCHES

The original door latch was a lever
that fitted into a tapered slot in the

cabinet fitting. The wedge action ob-
tained forced the door tightly against

the cabinet. To operate these latches

required considerable effort.
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Latches were then constructed with

a spring operated latch bolt that main-

tained a constant tension on a roller

equipped bar and the spring pressure

against a tapered cabinet fitting held

the door tightly closed.

The latch consists of the handle

and latch while that part that is fasten-

ed to the cabinet is called the strike.

One company eliminated the latch

HINGE
LOCKING PLATE

HINGE
'ASSEMBLY

9-18. A cabinet hinge with the covers removed.

(Hotpoint Co.)

by inserting a large number of small

permanent magnets in the door gasket.

These magnets hold the door tightly to

the door frame.

The strike is usually adjustable in

two directions.

The handle is removed by removing
the latch cover on the door liner or by

ATCM OPERATING

9-19. A refrigerator door latch mechanisr
(Crosley Div., Avco Mfg. Corp.)

Strike mounting

Hindis

Push pin

Spring

9-20. Exploded views of a door latch and a door
(Franklin Mfg. Co.)

strike

9-21. A foot pedal latch mechanism.

(General Electric Co.)

removing the complete liner.

Fig. 9-19 illustrates a door latch

with a horizontal handle. A vertical

handle door latch is also in common
use. Fig. 9-20 shows an exploded view

of one of these latches and the strike

that it connects to on the doorframe. A
foot operated door latch is shown in
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^ig. 9-21. This mechanism eliminates

stooping and enables one to open the

door even though both hands are full.

One company has a refrigerator

which has a cabinet door that opens

*from either side. See. Fig. 9-22. If the

handle is moved to the right, the right

side of the door opeos. If the handle

is moved to the left, the left side of

the door opens. This operation is made

V

9-22. A refrigerator cabinet equipped with a door that

can be opened from either side. An articulated latch

and hinge mechanism is used.

(Philco Corp.)

possible by using a double set of

hinges with the hinge pins removed by

the latch mechanism on one side to

allow that part to become the latch and
strike while the other edge of the door
has a similar mechanism but the hinge

pins stay in place and act as a hinge.

Fig. 9-23 shows the interior of the door
with the double latch mechanism.

9-14. HARDWARE REPAIRS

Hardware must be repaired when
replacement parts are not obtainable.

An emergency repair for hinges
that have worn and caused the door to

sag is to dismantle the hinge and after

cleaning and filing the worn surfaces
flat, insert washers to replace the

9-23. A cabinet door with thp liner removed to show
the articulated mechanism that enables the door to be

opened from either side.

(Philco Corp.)

wear. Fig. 9-24. The hinge pin holes

may also wear elliptically. This wear
can be repaired by either drilling the

holes larger and inserting larger pins

or inserting steel sleeves.

Broken die cast parts can be suc-
cessfully repaired by gas welding if

special die cast filler rods are used. A
sand or asbestos paste mold should be

HINSr PW HING£ P/N

vu/zitma

1

z

9-24. Repairing a worn refrigerator cabinet hinge. A.

Worn surfaces; B. Sag; C. Inserted Washers.
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made to hold and align the parts during

the welding operation. A successful

OUTER DOOR
PANEL

9-25. Door seal gasket details.

(Crosley Div. of Avco Mfg. Corp.)

weld can only be made if the plating is

removed around the welded portion. The.

parts can be replated after finishing.

Replacement springs can be made by

heating spring wire to a low cherry red,

cooling very slowly (in sand or asbes-

tos) shaping the spring, heating the

spring to a dull cherry red, quenching

(dipping) in cold water, then carefully

and evenly heating it to a purple (blue)

color, quenching it again. A little ex-

perimenting may be necessary with the

temperatures to which the metal is

heated, as spring wires vary in their

carbon content and properties.

9-15. GASKETS

It is necessary to have an air-tight
joint between the door and the cabinet.
A flexible shim must be used to com-
pensate for any slight out of line parts.
Cross sections of modern refrigerator
door gaskets are shown in Fig. 9-25.

Originally strips of felt were used,
but rubber tubing with attaching a strip
has been popular for years. Some of the
rubber tubes were made with a rubber
foam fill to provide more resiliency.
However, natural rubber will wear
quickly in the presence of oil and fats
and these gaskets have to be replaced
frequently. Coating the rubber with a

synthetic rubber gave the gaskets a

much greater life. Some of the gaskets

are made of flexible plastic that does

not deteriorate when coated with oil or

fats.

Gaskets were originally tacked to

the door frame, but they are now de-

signed to clamp into the door in the

space between the inner and outer

shell, Fig. 9-26.

To replace gaskets, it is usually

necessary to remove the door from the

cabinet and then remove the breaker

strip from the door, or in some cases

remove the inner liner. Cloth or felt

pads should be used to hold the door to

prevent chipping and/ or scratching.

Replacement gaskets are usually

available. A gasket similar to the worn
one may be obtained or one may use a

replacement gasket. The replacement

gaskets may either clamp in place

similar to the original, or they may be

fastened by using adhesive. See Fig.

9-27. Because the gasket bead is the

part that wears first, it only is removed
and the new gasket bead is installed

using an adhesive. The lip of the re-

placement gasket fits over the original

gasket that remains on the door.

OUTER DOOR PANEL

OUTER CABINET SHELL

TRIM FRAME

9-26. A door gasket installation. Note the air pocket

which acts as a pneumatic cushion.

(Crosley Div. of Avco Mfg. Corp.)
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9-27 A replacement gasket that is fastened with an

adhesive. The bead only of the old gasket is removed

adhesive is applied and the replacement is installed

with the lip placed over the old gasket.

(Jarrow Products Inc.)

Gasket joints must be leak proof.

The door must be carefully adjusted to

permit easy operation and still pro-

vide a tight joint. Fig. 9-28 shows cor-

rect gasket adjustment to provide a

good joint. To obtain this fit, the hinges

should be adjusted first. The shims

CASKET
BETORE

ADJUSTMENT

CASKET COMPRESSED
AN ADDITIONAL
l/3Z"T0 3/32"

H h

REFRIGERATOR RETRIGERATOR

APPROX 3 INCHES

9-29. The position the door should be in when the gasket

touches the cabinet evenly for its full length on the

hinge edge.

(Philco Corp.]

If the latch side of the door does

not contact the cabinet evenly, it usu-

ally means that the door is warped.

This mis-alignment can usually be

remedied by loosening the door liner

screws, straightening the door, and

then tightening the screws, Fig. 9-30.

One method of testing a door gasket

fit is to use a strip of paper. Place

this paper at the door frame, close the

door and if the paper resists being

9-28. The correct amount a typical gasket sRould be

compressed to provide a leak proof joint between the

door and the cabinet.

(Philco Corp.)

should be arranged until the hinge edge

gasket contacts the cabinet when the

door is in approximately the position

shown in Fig. 9-29. The gasket should

touch the cabinet evenly the full length

of the door.

LOOSEN DOOR LINER SCREW

AND ADJUST

9-30. When the latch side of the door does not contact

the cabinet evenly, the door can be adjusted by means

of the door liner screws.

(Philco Corp.)
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pulled out the gasket Is tight. However

because this paper is about .005 inches

thick, a better way to test for leaks is

to place a light bulb (75 or 100 watts)

on the front center shelf. The light

cord should be as small as possible.

With this light one can detect openings

in the door joint as small as .001

inches. See Paragraph 10-16, page 256.

Screw-On Locking

Locking

9-31. Various types of shelf supports.

(General Electric Co.)

9-16. ASSEMBLY DEVICES

The original wood cabinets were
assembled by means of gluing and the

use of brass wood screws.

The modern metal cabinet uses a

great variety of assembly devices.

Where great strength is needed and for

parts which need not be removed, spot

welding is used. For example, the plates

to which the hinge and hinge butt are

attached by welding. The frame of the

cabinet that supports the motor-com-
pressor is usually welded in place.

The hinge parts and the latch parts

are usually held in place by counter

sunk machine screws. Some of these

screws use lock washers to help make
a permanent adjustment.

Small parts may be held in place

with sheet metal screws. In tightening

sheet metal screws care must betaken
as a slight excess in tightening torque

OUTER CASE

DOOR a HINGE ASSEMBLY

THREADED D
CLIP^U

CONDITIONER BASE

THERMOSTAT

RETAINING CLIP

THERMOSTAT

RESISTOR

RETAINING CLIP
RESISTOR

9-32. Details of a butter conditioner. The space is heated with a small resistor which is controlled by a thermostat.
(Hotpoint Co.)
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9-33. A wiring diagram showing the electrical connections for air freshening lamp.

(Norge Sales Corp.)

will strip the threads in the sheet

metal. The screws are made of hard-

ened metal.

Many cabinets use quick fasteners.

These devices are in great variety.

They are usually made of spring steel

and use hard sharp edges to hold them
in place.

The assembly devices that hold the

shelf brackets are usually of a spring

loaded type that can be inserted from
the inside of the liner and are self

clamping and locking. See Fig. 9-31.

9-17. ACCESSORIES

Many devices have been created to

make the refrigerator more useful.

Some of these accessories are:

1. Cabinet Light

2. Butter Conditioner

3. Crispers

4. Wire baskets

5. Beverage holders including built-

in units.

6. Egg nests

7. Storage bins

8. Deodorizers

9. Thermometers
The cabinet light is usually a 25-

watt bulb mounted in the rear of the

cabinet. It is a 110 volt light, con-

trolled by a spring activated switch

that can only close the circuit when
the cabinet door is open. This switch

is usually located near the bottom rear
hinge of the door. The wiring is in the

same harness as the thermostat wires

and the wires connect into the main
circuit at the junction box (usually the

relay).

The butter conditioner is a small
cavity built into the cabinet liner or the

door liner. It usually has a very small
heating element that maintains the but-

ter at aplastic temperature (about 50 F.

to 60 F.) The wiring to this conditioner

connects into the main circuit at the

relay and it is parallel with the thermo-
stat, Fig. 9-32. It only operates when
the unit is running.

Crispers, or covered containers in

the refrigerator are used for storing

vegetables, fruits, and meats. They
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prevent drying of the food from the de-

humidifying action of the cooling coil.

Newer designs use glass shelves as the

cover for the containers and the con-

tainers slide out on racks. Some models

use built in doors (metal) to seal in

this space.

For convenience of storing, some

refrigerators have wire baskets to hold

certain foods for ease of handling. Some

of these baskets are suspended under

the shelves to save space.

Originally special glass containers

or plastic containers were used to hold

water or fruit juices. This practice is

still being followed but some units have

built in beverage containers. These

plastic containers are built into the

door. An outside beverage tap may be

provided. The cooled beverage can be

obtained without opening the cabinet

door.

There is an increase of specially

built shelves and baskets shaped to

efficiently hold standard shaped ar-

ticles such as bottles, eggs, oranges,

etc. The orderly arrangement insures

more storage space and convenience.

If there is any non- refrigerated

space in the cabinet (front lower sec-

tion) a storage bin is frequently pro-
vided. These bins are usually used for

such items as potatoes, onions and
other warm temperature storage.

Deodorizers are volatile chemicals
(solids) that seem to remove refrigera-
tor odors. However the process is

mainly an odor neutralizer. Charcoal
filters seem to be the most effective
means of removing odors.

A small thermometer mounted ei-
ther with a hook or by using a small
magnet will indicate temperatures in
any desired part of the refrigerator.

9-18. ICE CUBE TRAYS

Practically all refrigerators pro-
vide facilities for making ice. The ice
is usually made by filling shallow trays

with tap water. The trays have grids

(about li in. squares) that shape the

ice into easily handled cubes.

The trays were originally made of

copper, tin coated. Aluminum trays

have been used since the 30*s. Rubber,

stainless steel and plastic trays have

also been used.

9-34. The air circulation flow over the condenser of a

refrigerating unit mounted on the back of the cabinet.

These air passages must be kept clean.

(Kelvinator Div., American Motors Corp.)

The use of ice cube trays presents

two problems. First the trays become
frozen to the shelf and are occasionally

difficult to remove. A heated flat knife

will usually loosen the tray. Some com-
panies have built in levers that permit
pressure to be brought against the tray

to loosen it. A sharp tool may cause a

puncture of the refrigerant liner and
should never be used. Second, the ice

cubes are difficult to remove from the

tray. The tray may be heated by run-

ning either cold or hot water over it

until the heat travels through the tray

and grid and loosens the cubes. The
use of rubber trays, plastic trays, and
flexible trays permits the cubes to be
removed without difficulty. One com-
pany uses a strongly built grid with a

lever that easily frees the grid from
the tray and frees the cubes at the
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same time. Some trays have a wax
finish which makes it easier to remove
the ice cubes.

One company has produced an auto-

matic ice cube maker that fills itself,

freezes the cubes, frees the cubes

automatically, and thendumps the cubes

into a basket. The operation continues

until the basket is full. See Chapter 18

for an explanation of commercial auto-

matic ice cube makers.
The ice formed in ice cube trays is

usually foggy, translucent ice. The fog-

gy appearance is due to the release of

air from the water as it freezes.

Clearer ice may be produced by first

boiling the water, and then allowing it

to cool to room temperature before

putting it into the cooling trays.

9-19. ULTRA VIOLET LAMPS

To minimize bacteria growth and to

prevent transfer of bacteria (odors and

mold) from one food to another in a

refrigerator cabinet, some companies
have installed ultra-violet lamps in the

refrigerated compartments. Such lamps
are made by most of the electric lamp
companies. They burn continuously
while the refrigerator is electrically

connected.

9-20. FINISHES

The exposed parts of the cabinet

must be carefully conditioned and fin-

ished for appearance and durability.

Since the use of metal in the cabinets,

most of the cabinets have used a porce-
lain interior (inside of the liner) and a

lacquer or enamel paint on the outside

of the cabinet and door.

Because porcelain is a relatively

expensive finish only the more de luxe
cabinets are finished with it as an ex-

terior finish. Some baked enamels to-

day are virtually as durable and sani-

tary as porcelain and because they are
chip and crack resistant, they are being

used on many refrigerators.

Some of the earlier white enamel
finishes had a tendency to discolor

(turn yellow) after several years of

service but present day finishes are

virtually immune to this fault.

9-21. LACQUERS AND ENAMELS

The metal to be finished must be

carefully prepared before being painted.

All dirt, grease, alkalies, dust, etc.

must be removed from the metal. Rust

spots must be removed. The tempera-
ture and humidity in the paint room
must be carefully controlled according

to the paint manufacturers' recom-

mendations.

The paint is sprayed on the metal

and the units are then baked in special

drying ovens or bins. The drying de-

vices are usually heat lamps.

9-22. PORCELAIN

The porcelain process is a method
of coating the metal with a white opaque

glass. The process consists of first

thoroughly cleaning the metal and then

fusing black opaque glass to this metal

at a high temperature. This black finish

is porcelain with an iron content that

has a coefficient of expansion, the same
as that of the metal and of the white

porcelain. The white porcelain is then

bonded to this black porcelain at a high

temperature and a smooth-glassy fin-

ish is obtained. The porcelain has one

disadvantage of being brittle and it can

be chipped easily. Furthermore, it is

extremely difficult to repair.

9-23. ELECTRICAL CONNECTIONS

Practically all refrigerators are

electrically connected to the house

electrical system by a flexible elec-

trical extension cord equipped with a

two-prong plug. This plug is inserted

in an outlet and the power supply is
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complete. To insure extra safety a

separate ground wire can be installed

between the refrigerator steel frame

and a conduit or a water pipe. It is

important that the extensioncordbeput

in such place that it cannot be kinked

sharply or pinched. In all electrical

refrigeration hook-ups it is of the ut-

most importance that the refrigerator

motor have the same characteristics

as the power line. The frequencies

must be the same, that is, 60 cycle,

25 cycle, etc. The voltage must be the

same, 110, 220, 32-volt. The phase

must be the same, single phase, three

phase, etc. Single phase motors are

used almost exclusively for domestic

refrigerators. Sufficient current must

be available for motor consumption

and the voltage must be up to the volt-

age required by the motor. To check up

on these values an A.C. ammeter and

voltmeter may be used. The voltage

at the outlet should be checked with the

unit running and off. A voltage drop of

over 15 volts will necessitate elec-

trical service corrections. In most
cases it may be advisable to install a

new circuit for the refrigerator rather

than use the supply already available

in the kitchen which in many instances

is already overloaded.

9-24. LOCATION OF THE
REFRIGERATOR

The location of the refrigerator is
mainly determined by the convenience
of the cabinet to the other devices in
the kitchen. However, some thought
should be given to the following factors

:

1. The refrigerator should not be
exposed to sunlight because the
sun's rays will add to the cost of
operation and may discolor the
exterior finish of the refrigera-
tor.

2. The refrigerator must be close
to an electrical outlet as over-
loaded or lengthy electrical lines

reduce the line voltage to danger-

ous levels.

3. It must be located to provide

good air circulation through the

condenser. Figure 9-34.

9-25. CARE OF THE
REFRIGERATOR

In the operation of any domestic

refrigerator, the owner should be in-

structed not to allow the door to re-:

main open. Due to the great difference

in temperature between the inside of

the cabinet and the room temperature,

convection currents will be set up as

soon as the door is opened. This will

bring a great deal of heat into the cabi-

net; therefore, the door should be open

only when removing articles from, or

placing articles in the cabinet.

The cabinet must be kept clean out-

side as well as inside. The hinges and

latch should be lubricated periodically.

The condenser and motor-compressor
should be wiped clean at least every

six months. The door gasket should be

checked for tightness periodically.

9-26. DEFROSTING THE
REFRIGERATOR

Another point in the operation of a

refrigerator that is often neglected is

the matter of defrosting the cooling

unit. The housewife particularly fails

to appreciate the fact that if the cooling

unit is covered with frost and ice it

cannot remove heat efficiently. She may
even feel that the frost and ice on the

unit indicate that it is operating better

than it would if this accumulation were
not there. This, however, is not the

case. The frost and ice act to some
extent as an insulator, keeping the air

from flowing into the cooling unit and

resulting in a higher box temperature;

consequently more running or opera-
tion of the condensing unit is required

in order to maintain the proper cabinet

temperature. In general, the unit should
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be defrosted once a week. Defrosting

more often may be necessary if un-

covered liquids or other moist foods

are placed in the cabinet in large

quantities.

Manufacturers formerly placed a

defrosting switch in or near- the con-

trol panel which made^t easy for the

housewife to defrost the^-refrigerator

at regular intervals. A tray or pan of

some kind was placed below the cooling

unit before the unit was defrosted;

otherwise water formed in defrosting

the unit would drip on articles below
and on the bottom of the cabinet.

Many present day refrigerators

have automatic defrost devices. These
devices are clock operated to turn on
each day at a certain time ( 1 or 2 A. M.

)

Some are actuated by mechanical de-
vices such as a ratchet controlled by
opening of the door. These controls

either turn on electrical heating ele-

ments to melt the frost or open a
solenoid valve to send hot gas through
the cooling coil until the frost is melt-
ed. See Chapters 6 and 16 for more
complete information concerning auto-

matic defrosting systems. Another rea-

son a coil should be defrosted is that

this collection of frost on the cooling

unit is usually odor-laden and will per-
meate the food with unpleasant odor. It

is essential that the frost be removed
if it accumulates to a thickness of 1/8
inch; and regardless of the thickness of

the frost, the unit should be defrosted
and the moisture removed at least

once each week.

In those refrigerators which are not

equipped with a defrosting switch or in

some gas-fired refrigerators, a very
convenient method of removing all frost

from the cooling unit is to fill the ice

trays with very hot water and to repeat

this until the frost has melted off the

surface of the cooling unit.

Needless to say, a drip pan or a

frost pan should be placed underneath
the cooling unit during the defrosting

process, or the cabinet will become
flooded with water that drips from the

unit. This tray is usually made of glass.

It is advisable to remove the tray from
the box except during period of defrost-

ing because the tray hinders the circu-

lation of cold air.

Some refrigerators that use auto-

matic defrost devices have a drain tube

that carries the moisture to a water
pan located near the compressor-
motor.

The cool defrost water will cool the

compressor and in doing so will evap-
orate into the room.

9-27. CLEANING REFRIGERATORS

Refrigerator cabinets are finished

with either a porcelain or a special

enamel coating. The procedure to fol-

low in the refrigerator finish depends
upon which of these materials has been
used. If the finish is porcelain, one
must be very careful of it because of

the brittleness of the glass-like finish.

To clean porcelain the same sub-
stances may be used as for cleaning

glass, such as borax or any good com-
pound which will not scratch the sur-
face. It is imperative that for cleaning

the inside of the cabinet a cleaner be

used which has no odor. After clean-

ing, a thorough rinsing is necessary.

Occasionally the interior of the cabinet

becomes stained with an iron stain on

the porcelain due to cracks appearing

in the porcelain or at the joints. This

stain can usually be removed by thor-

ough cleansing. If this is not practical

it may be covered over by using lacquer
of the proper color.

One of the best solutions for clean-

ing the interior of a cabinet is baking
soda dissolved in warm water. This
solution cleans, deodorizes, and leaves

no harmful residue. Harsh abrasive
cleaning agents should be avoided as

they may permanently injure the finish.
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9-28. PATCHING PORCELAIN

When filling in cracks or chipped

parts of a porcelain finish, a special

porcelain patching material should be

used. Because of the inherent nature

of porcelain, its color shade will vary

somewhat. A patching kit may be ob-

tained with several colors. If neces-

sary, blue ink may be added to the

patching material to obtain the right

shade. In doing this work it is first

necessary to clean the surface to be

patched quite thoroughly, warm the area

of the patch, then apply the patching

material with a small, fine hairbrush

or air brush, being sure that the ma-
terial is not too thin. After the material

has dried, it should be smoothed down
with water proof abrasive paper and

then polished with a soft cloth, or by

using rottenstone (available from paint

stores) and rubbing oil.

9-29. REPAIRING ENAMEL
FINISHES

Enamel finished cabinets may be
repaired by using high grade enamel.
Examine the damaged area carefully.

All wax and rust must be removed,
down to bare metal. Sand edges of the
damaged area with fine waterproof
paper (6/0) so the old finish slopes to-
ward the center. This is called "feath-
er-edging" and is done to allow the
primer and finish coat to blend smooth-
ly with the old finish. Soapy water may
be used as a sanding lubricant. The
surface must be absolutely dry before
applying primer.

Next, apply metal primer to exposed
bare metal with a brush or spray gun.
The primer provides a hard surface for
good adhesion of the finish coat. Allow
the primer to dry thoroughly. When the
primer is dry, sand lightly using 6/0
waterproof paper and soapy water as a
sanding lubricant. Lightly scuff sur-
faces around damaged area to com-

pletely dull the old finish and blend with

the primer coat.

Spray or brush on the enamel, blend-

ing new coat as smooth as possible to

the old finish. Allow enamel to dry

thoroughly, then sand (wet) with 6/0

paper until all edges are invisible. For
a high-gloss finish rub entire surface

including patched area with rottenstone

and paraffin oil or rubbing oil. When
desired gloss has been reached, wipe

off rottenstone and oil by using moist-

ened cloth or chamois. Paint spraying

must be done in a fireproof, well ven-

tilated booth.

9-30. CLEANING LACQUER
FINISHES

When cleaning lacquer surfaces,

great care must be taken to insure that

the cleaning materials do not harm the

surface. Gritty cleaning materials

should not be used as they will scratch

the surface. Rubbing, if necessary at

all, should be kept to a minimum. To
clean lacquer finished cabinets, solu-

tions and materials are now on the

market which have the property of

cleaning and polishing the surface si-

multaneously. These should be applied

according to the manufacturer's direc-

tions. It is recommended that the cabi-

net be cleaned frequently to eliminate

any odor transfers from one food to

another and from the cabinet to the

food.

9-31. CLEANING ICE TRAYS

In certain localities where the water
contains minerals and salts that have
the property of discoloring aluminum
or copper ice trays in the refrigerator,

it is usually found that ordinary clean-

ing powder and soaps do not have any
effect on the stain. This stain may be

removed quite easily by the following

process: Dip the trays in a hot solution

of water and lye, then rinse the trays

in pure running water. Occasionally if
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this does not remove all the stain a

small brush will facilitate the work.

After rinsing the lye solution off the

trays in the running water, it is neces-

sary to dip the trays in a vinegar solu-

tion, which will neutralize the lye and

prevent any further chemicaL action on
the metal. Another pinsing and the

trays are ready to be used a'gain. The
trays should be immersed in the lye

and vinegar solutions for approximately

ten minutes at a time. Never leave

them any longer. Use a double immer-
sion, if necessary, because if left in too

long it is likely to remove the finish

from the metal and spoil the appear-
ance of the trays. Ordinarily use only

a mild solution of soap and water to

clean the trays. Then rinse with clear

water.

9-32. INSTALLING A
REFRIGERATOR

The sale of a domestic refrigerator
to the customer should not end the

dealer's responsibility. It is equally

important that the installation should

be carefully, accurately, and conscien-
tiously made in order to keep the cus-
tomer convinced that he has made a wise
purchase.

The economy and length of service
rendered by the refrigerator is greatly

dependent on the proper position of the

cabinet. It is of utmost importance that

the cabinet be placed in the coolest

convenient place where there is no
chance of its being too much in the

sun's rays. Another precaution of para-
mount importance is the ventilation.

Hermetic units do not require any
special precautions because they are
hermetically sealed mechanisms and
require only a correct electrical con-
nection and proper ventilation when in-

stalling them. They should be carefully
leveled because of the trays, the water
level in the ice cube trays and ease of

door opening and closing. Usually the

two front legs of the refrigerator are
adjustable (screw type) to aid the level-

ing, of the cabinet.

9-33. INSTALLING AN
ABSORPTION REFRIGERATOR

The absorption types of refrigera-
tors are involved in a different com-
plication in reference to installing, but

this is offset by the simplicity of the

installation as a whole. A lead must be
made from the gas line which will

probably require the sanctioning of the

gas company. Some city codes specify
that the fuse plug opening in the re-
frigerant system must be vented to the

outside to prevent any chance of dis-

charging the refrigerant into the house.
The absorption unit must be carefully

leveled to operate correctly. Apart
from these things nothing further need
be done except following the general
directions in the final part of this

chapter.

9-34. GENERAL INSTRUCTIONS
TO THE HOUSEWIFE

Before leaving the refrigerator in

the hands of the housewife it is very
important that she understands the uses
and abuses of the mechanism. Instruct

her very carefully about:

1. Keeping the doors closed tightly.

2. Leaving all liquids covered in the

cabinet.

3. Cool foods before putting them in

the cabinet.

4. The correct position of different

foods in the box.

5. Leaving the doors open a mini-
mum of time.

6. Methods of defrosting. Do not use
an implement for removing the

frost.

7. The correct use of the tempera-
ture control.

8. The proper way to cleanse the

interior and exterior of the box
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and the ice trays.

9. The precaution not to crowd the

shelves with articles which will

obstruct circulation.

If possible, leave these instructions

in written form and attached to the re-

frigerator. Impress upon the owner that

economy of operation and long life are

dependent on the proper use of the unit.

Leave name, address, and telephone

number in a convenient place to allow

a service call to be made with a mini-

mum of trouble to the housewife.

Some people in the temperate zones

feel inclined to shut off their refrigera-

tors in winter to economize. This should

not be done if it is at all possible to

keep the unit running. The unit has been

well balanced and has settled to its

9-36. REVIEW QUESTIONS

1. Why are refrigerator cabinets

insulated?

2. What is the average thickness of

the insulation?

3. Why should the insulation be
moisture proof?

4. What is meant by net contents
of the cabinet ?

5. What are the possible locations
of the condensing unit?

6. Why are ice tray releasing me-
chanisms necessary?

7. Why must a cooling coil be de-
frosted?

8. How thick may the frost become
before it should be removed?

9. What is a good porcelain clean-
er?

10. How may one clean discolored ice

cube trays?
11. Name three substances used for

insulation?

12. How are cabinet doors made air-
tight?

13. Name the various cooling coil

locations in the cabinet?
14. Why should the cooling coil al-

ways be located near the top of
the cabinet?

task. To shut it off will upset its opera-
tion. The pressures will build up, and
when the unit is started, it will be over-
loaded for a period; very often oil

pumping results, causing such a dis-

turbance that particles of dirt in the

system start to circulate causing

trouble. Another trouble is that after

the oil pumping starts, the crankcase
will be low on oil and cause scoring
and overheating.

Whenever a refrigerator is moved,
the condensing unit should be clamped
or bolted to the cabinet if it is mounted
on springs or rubber supports. The
shipping bolts that were supplied by the

manufacturer should be kept for this

purpose.

1 5. Why should liquid and moist foods

be covered when placed in the

refrigerator?

16. What clogs an air-cooled con-

denser, externally?

17. What should a distributor of re-

frigerators do to safe-guard his

good-will?

18. Explain a good method to provide

positive rear ventilation of the

base-located condensing unit?

19. What happens when a refrigera-

tor is disconnected from the cur-
rent supply for 48 hours or more ?

20. Why is it best to allow a refriger-

ator to run instead of being shut

down?
21. Why should a hermetic refriger-

ator be installed in a level posi-
tion?

22. Why must the voltage of the elec-

trical line to the refrigerator be
checked?

23. What happens to the defrost water
in modern refrigerators?

24. What is the best way to check a

door gasket for leaks?

25. How are most latches and strikes

adjusted?
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Chapter 10

CONVENTIONAL

COMPRESSION SYSTEMS

The evolution of the refrigerating

machine has resulted in the increase of

the hermetic design and a decline in

the conventional system.
However, there are many conven-

tional systems still in use. Also the

understanding of the conventional cycle

is an easy step in studying the theory
of modern refrigerating mechanisms.

In school training situations, small
conventional systems are ideal to use
in teaching the fundamentals of refrig-

eration to a student. All systems are
reviewed for the student in this chap-
ter.

10-1. TYPES OF COMPRESSION
SYSTEMS

Many types of conventional com-
pression systems have been designed

and manufactured. However, most con-

ventional systems have an external

motor and use a belt drive. Conven-

tional units also have a number of ser-

vice valves. A flange type service

valve with two service openings is

shown in Fig. 10-1.

These systems can be classified

generally by the type of compressor:

1. Reciprocating Compressor
2. Rotary Compressor
Each type of compressor system

can be classified by the type refriger-

ant control used:

Reciprocating Compressor.
1. Automatic Expansion Valve

2. Thermostatic Expansion Valve

3. Low Side Float

4. High Side Float

a. High Side Float and cap. tube

b. High Side Float and wt. check

valve

5. Capillary Tube
Each of these ten different systems

could be classified according to the

location of the condensing unit:

1. Top Mounted Condensing Unit

2. Bottom Mounted Condensing Unit

3. Remote Mounted Condensing Unit

10-2. AUTOMATIC COMPRESSION
SYSTEMS

Many large refrigerating systems

1 0-1. A flange type service valve with two service open-

ings. The valve stem is protected with a cap. A flared

type tubing connection is used.

(Mueller Brass Co.]
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10-3. A conventional thermostatic expansion valve system using a reciprocating compressor and a thermostatic

motor control.

10-4. AXV WITH
RECIPROCATING
COMPRESSOR

The automatic expansion valve was
used with the reciprocating compressor
in many installations. One of the origin-

al units is shown in Fig. 10-2.

The discharge service valve is

labeled as valve B, the suction service

valve is labeled A, and the liquid re-

ceiver service valve is labeled C. No-
tice the screen location in the liquid

receiver. The discharge service valve

is placed below to permit installation

in a smaller space. The oil plug on the

side of the crankcase is typical and is

used to determine the oil level. Note

that the suction line connects to the

crankcase of the compressor and the

intake valve is in the head of the pis-

ton. This was a popular arrangement
with many early refrigerators. There
are three reasons for connecting the

suction line to the crank case either

directly or indirectly in order that the

crank case pressure will be the same
as the suction pressure:

(1) it returns the oil to the crank-

case as some oil always circulates with

the refrigerant: (2) it simplifies the

construction; (3) it maintains a con-

trolled crankcase pressure. The brine

tank cooling unit consists of a tinned

copper tank fitted with sleeves.

10-5. AXV WITH ROTARY
COMPRESSOR

The rotary compressor is usable

with all types of refrigerant controls.

The use of the automatic expansion

valve with the rotary compressor was
used in the 1930*s. One example was
the Coldspot unit which had a top

mounted condensing unit with the cool-
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ing coil suspended from it. An auto-

matic expansion valve was used.

10-6. THERMOSTATIC EXPANSION
VALVE SYSTEMS

Some domestic systems have used

the thermostatic expansion valve re-

frigerant control. This control provides

a more efficient cooling coil operation

but its extra cost has kept its use at a

minimum, Fig. 10-3.

10-7. LOW SIDE FLOAT SYSTEMS

Many systems used low side float

refrigerant controls in past years. This

cooling coil provided a very efficient

X,„^ 1

10-4. A conventional low side float system using a re-
ciprocating compressor. Note that the compressor uses
an eccentric on a straight shaft in place of the conven-

tional crank shaft.

cooling surface but the amount of re-
frigerant charge was high and the flpat
chamber used considerable space. The
low side float system has not been
used in domestic refrigeration since the
30's but it is still used in some com-

mercial and industrial refrigeration

fields. A student of refrigeration should

know about these systems however as

the knowledge of their development and

use will add to his understanding of

refrigeration.

10-8. LOW SIDE FLOAT WITH
RECIPROCATING
COMPRESSOR

Fig. 10-4 shows a complete system.

It had a unique condenser in that it

was constructed on the spiral principle,

and in some models it was cooled by a

fan located on the compressor. On most
models it was cooled by a fan located

on the motor. It had a flooded cooling

unit, porcelain finished, and used sul-

phur dioxide as the refrigerant. The
cooling coil was equipped with servic-

ing valves built into the header. These
valves were capped to prevent corro-

sion of the valve stem. An external

packing nut was used.

The base or frame for the condens-

ing unit was also the liquid receiver.

The low side float systems used a larg-

er liquid receiver in order to store all

the liquid refrigerant from the cooling

coil during service operations.

Another unique system which used

methyl chloride as the refrigerant and

had a conventional cycle is illustrated

in Fig. 10-5.

One unique feature of the system is

the oil trap built into the compressor
to prevent the oil pumped out of the

compressor from going over into the

other parts of the system. This is ac-

complished by providing a dome-shaped
receiver over the cylinder which re-

ceives the discharge from the com-
pressor. An inverted cylindrical baffle

inside the dome and surrounding the

cylinder collects the oil pumped by the

compressor. The oil then flows to a

float-controlled oil reservoir at the left

of the compressor crankcase. As the oil

level rises, the float will be lifted and

246



CONVENTIONAL COMPRESSION SYSTEMS

a needle valve opens allowing the oil to

flow back into the crankcase of the

compressor. The oil flows into the

crankcase due to the pressure differ-

ence between the two chambers, as high

pressure is on the surface of the oil in

the oil reservoir and low side pressure

service valves used in the system are of

the capped type to prevent corrosion of

the valve stems.

10-9. LOW-SIDE FLOAT WITH
ROTARY COMPRESSOR

A low side float system which had

Ice CUBE Tray\\
I

I ci Cube Tray Ljj ^

-cvunpc(?me«»

•OOMt
piston

CONTROL VALVt

OlLCUA.CCPl.LI6

C7ANKCASC

COMPRESSOR UNIT

10-5. A conventional low side float system using a reciprocating compressor. Note the pressure control valve on

the low side and the oil trap on the high pressure side.

exists in the crankcase. This device is

used because oil dissolves readily in

methyl chloride and is heavier than the

liquid refrigerant. If adequate provision

is not made to separate the oil from the

refrigerant, it would tend to collect be-

low the refrigerant in the cooling coil

and interfere with its operation. In

studying the illustration it should be

noted that the low side float in the cool-

ing coil is counter-balanced because of

the low specific gravity of the refrig-

erant (methyl chloride).

A low side suction pressure control,

built in the end of the suction service

valve, prohibits excessive low side

pressure from accumulating in the

crankcase, which would make it diffi-

cult for the compressor to start. The

several unique features was produced

in the 30's. Fig. 10-6 illustrates the

mechanism and shows the following

different devices:

Instead of the reciprocating com-
pressor, this unit used a rotary mech-
anism. It consists of an eccentric

crankshaft, enclosed in a circular hous-

ing with a free sleeve mounted on the

eccentric of the crankshaft. It has two

ports located in the housing and sepa-

rated by a movable blade which is al-

ways in contact with the sleeve. The
duty of this compressor is identical to

that of the reciprocating type and it per-

forms as follows: Rotating of the crank-

shaft creates a space on the suction

side of the blade allowing gas to enter
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10-6. A low side float system using a rotary compressor.
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10-7. A low side float system. A wick placed in the suction line opening inside the float chamber aids in remov-

ing oil from the surface of the liquid refrigerant.
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this space through the suction port. As
it continues to roll around, it pushes
this quantity of gas around the chamber,
at the same time compressing it until

the gas is pushed around to the other

side of the blade. As the pressure builds

up it is discharged out of the exhaust

port located on this s^de of the blade.

The high pressure gases are fed to a

storage chamber in the top of the com-
pressor which is also used as the oil

reservoir. The crankshaft opening to

the belt wheel is located in the high

pressure side and therefore the com-
pressor seal is a high pressure seal.

This differs materially from the reci-

procating compressor design.

This refrigerator is equipped with

service valves placed in the conven-
tional manner and the cooling unit is

the low side float type with an open
pan float.

This unit had a check valve in the

suction line so that when the compres-
sor was not running, the oil in the com-
pressor and the high side pressure
could not back up into the cooling unit.

A newer model operated much the

same as illustrated in Fig. 10-7. The
new Rollator compressor has a hous-
ing surrounding the compressor which
serves as an oil reservoir.

The float in the flooded cooling coil

is ball type instead of the open pan
type. A wick arrangement in the float

chamber was attached to the open end

of the suction line and provided a

means of removing oil from the sur-
face of the refrigerant. The liquid re-

ceiver was mounted above the con-
denser and a torque reaction type motor
was used which automatically kept the

belt tight. Note the location of the

check valve and the screens on each
side of the check valve.

Another low side float system which
used a cabinet top mounted condensing
unit was so designed that it need
not use a crankshaft seal. This mechan-
ism was sealed under a dome and was

unusual in that it had two motors, one

was connected to a horizontal, single

cylinder, reciprocating type compres-
sor of hermetic design. The other

small electric motor was used to pro-

vide forced draft over the air-cooled

condensing coils, Fig. 10-8. The whole

unit was compactly designed with the

condenser located below and around the

compressor. The whole unit was placed

on top of the cabinet, at one side, or

underneath as seemed fit. The refrig-

erant was methyl chloride and the ap-

paratus was equipped with a filter or

dehydrator to remove moisture. It had

an oil trap also to keep away from the

cooling unit which is the open-pan float

type. The apparatus is equipped with

service valves and is completely ser-

viceable although it is of the sealed

design.

Note that the intake valve is a port,

and that an eccentric crankshaft and

connecting rod are used. A "Mercoid"
switch, centrifugally operated, is used

to disconnect the starting winding.

10-10. HIGH SIDE FLOAT
SYSTEMS

The high side float system was used
as early as 1925 when Servel used the

high side float on their units. This con-
trol was very popular in the 30's and
was considered the best system at that

time. The simplicity of the capillary

tube system however soon made this

the most popular.

These high side floats were located

in a variety of places: Some were in the

bottom of the cabinet on the base unit,

others were mounted on top of the cabi-

net (top mounted units): Still others
were mounted on the back of the re-
frigerator cabinet, partly buried in the

refrigerator insulation.

There have been three arrange-
ments of the high side float systems:

1. High side float.
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10-8. A low side float system using a hermetic reciprocating compressor. Note the dehydrator in the liquid line

also the open pan type float.

2. High side float with a weight
check valve.

3. High side float with a capillary

tube.

The latter two systems enabled the

manufacturers to place the high side
float near the condenser on the base
of the unit and to place this assembly
in the base of the cabinet.

One example of the unit that used a
high side float only was a top mounted
unit.

This unit used semi-hermetic de-
sign with a belt-driven rotary com-
pressor. Fig. 10-9. The high side float

shown, was located beside the condens-

er. The high side float had a purging

and service connection on top. The
compressor was a one blade rotary

type.

Note that the base of the unit forms
the top of the cabinet; therefore, it is

insulated.

10-11. HIGH SIDE FLOAT WITH
A WEIGHT CHECK VALVE

A system made in 1935 used a high

side float and a weight check valve (a

pressure differential valve) Fig. 10-10.
This unit used a twin cylinder com-

pressor with both the suction service
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valve and the discharge service valve

built into the compressor head. (G) A
high side float refrigerant control (C)

located on the compressor base, was
used with an auxiliary weight check

"valve (L). The purpose of this weight

check valve was" to maintain a pres-

tioned as follows: when enough refrig-

erant had condensed in the liquid re-

ceiver, the float opened and allowed the

liquid refrigerant to flow up to the cool-

ing unit, but it could not flow into the

cooling unit until there was a differ-

ence in pressure of 2 5 pounds between
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10-10. A high side float with a weight check valve

(a weight loaded pressure differential valve).

10-11. A high side float located in liquid receiver.

sketch and it will be noted that it had

an unusual feature in that the location

of the intake valve of the compressor

was in the cylinder head and not in the

head of the piston. Note the extra ser-

vice purging valve located in the top of

the liquid receiver. This valve was used

for purging non-condensable gases

from the float chamber. The cooling

unit style of construction is called the

shell type.

10-12. HIGH SIDE FLOAT WITH
A CAPILLARY TUBE

Another system that used the high

side float and capillary tube is shown
in Fig. 10-12. This unit was produced

in 1933-35. The motor was placed in-

side the sealed compressor housing

which eliminated the crankshaft seal.

A high side float refrigerant control

with a capillary tube feed to the cool-

ing coil was used.

The valve on this high side float

control consisted of a sliding button

rather than a needle valve. The unit

was located in the base of the refrig-

erator. The unit had shut-off valves in

the liquid and suction lines only, to

permit replacing of the condensing

unit. The cooling unit was unique in re-

frigeration, for it was the shelf type

placed across the top of the box. The
unit used a 1/ 5 H.P. motor.

Note that the compressor was a two

cylinder horizontal opposed type with

both pistons made of one piece of

metal. It used only one connecting rod.

The cylinder heads were bolted to the

cylinder and the unit used intake ports

instead of valves.

Another unit with many innovations

(the Grunow) appeared on the market in

1933.

Carrene (methylene chloride) was
the refrigerant used. Carrene is one

of the most unusual refrigerants in that

it operates under a vacuum both on the

high and low pressure sides. Normal-
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10-12. A high side float with a capillary tube.

ly, the pressures are 27 in. of vacuum
on the low side and 5 in. vacuum on the

high pressure side.

The unit consists of a rotary vane
type compressor directly driven by the
motor. Both the motor and the com-
pressor are mounted vertically under
a common dome, Fig. 10-13. The unit

used a high side float mounted beside

the condenser. The condenser was cool-

ed by a separate fan and motor. A de-
hydrator is permanently mounted be-
tween the high side float and the con-
denser. The high side float is con-
structed in such a way that the cham-
ber can hold all of the refrigerant in

the system. All of the condensing units

were mounted in the base of the cabi-

net.

A capillary tube carried the refrig-

erant from the high side float to the

cooling coil. The suction line was 5/8
in. O.D. Two service valve attachments
were provided, one on the high side

float and one on the cooling coil.

10-13. CAPILLARY TUBE SYSTEMS

The refrigerating systems that used

the capillary tube refrigerant control

originated in 1928. The Rice refrigera-

tor system used the original capillary

tube system. Starting about 1934 some
of the Frigidaire systems used a re-

strictor. This unit restricted the re-

frigerant flow by making it pass through

a small helical passage.

In Fig. 10-14 is shown condensing

and cooling units so designed that they

may be removed in one piece from the

cabinet. The cycle and operation may
be easily followed. The unit used sul-

phur dioxide as the refrigerant and the

refrigerant control was of the capillary

tube type construction. This capillary

tube was mounted between the filter and

the cooling unit. Note that it did not

have a liquid receiver. A liquid re-

ceiver was not necessary due to the

capillary tube refrigerant control.

Also, the quantity of refrigerant put in
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10-13. A high side float with a capillary tube (Grunow).

rcrcsmrxmr**** ncror

ft-a,»t.t 6*5*1.

10-14. A capillary tube with a reciprocating compressor.
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the system was carefully measured.

The lower tubes of the condenser serve

to store sufficient quantities of liquid

refrigerant. A different type service

*valve was located between the con-

denser line and the cylinder head. This

service valve threaded into the cylinder

head and when the comjfressojrwas to be

removed the valve was turned all the

way in and the cylinder head was then

unbolted from the compressor.

The intake valve, a spring steel

disk, was located in the piston. An ec-

centric was used instead of the usual

crankshaft, and it was fastened to the

compressor shaft by a bolt and key in

addition to the typical Woodruff key

design. Lubrication was by oil splash,

and wells were used to feed the oil to

the bearings and seal. The crankshaft

seal was of the diaphragm type backed
by a rubber washer with the seal pres-
sure exerted type backed by a rubber
washer with the seal pressure exerted

by a spring at the opposite end of the

crankshaft. The complete condensing

unit was mounted on springs to mini-
mize vibration. The cylinder had in-

tegrally cast air-cooled fins to reduce
the temperature of the compressor.

t '(

\

10-15. A door gasket developed for magnetically

latched doors and safety latch doors. It seals tightly

with only a four-pound force.

(Jarrow Products Co.)

Most domestic refrigerators con-
verted over to the capillary tube sys-
tem in the 1940's. A legal decision

about 1940 enabled all the companies
to use the capillary tube refrigerant

control without paying royalties. This
control became the only one used by the

companies from that date.

A new type gasket specially de-
veloped for doors that are feather light

to close is shown in Fig. 10-15. This
rubber gasket is used on safety-type
spring and magnetic refrigerator and
freezer doors. Note how the gasket
clamps under the door liner and how
the open tube design enables a sealing
action with very slight pressure.

10-14. REVIEW QUESTIONS

1. How is the condenser cooling

fan usually driven?

2. Why is a weight valve used in

connection with some high side

float control mechanisms?
3. Why has the low side float been

discontinued on domestic refrig-

erators?

4. Do all condensers have fans to

circulate the air?

5. Have pressure motor controls

ever been used on domestic sys-
tems?

6. Have thermostatic expansion

valves ever been used on domes-
tic systems?

7. What refrigerants have been used
with the low side float systems?

8. When was the first capillary tube

used?

9. Have all condensing units been
located in the base of the cabi-

net?

10. Why was a capillary tube some-
times used with a high side float ?
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The 1986 Kelvinator refrigerating cycle. Note the location of the
liquid receiver. It is used for emergency and shipping storage only

KUl-Yfl

10-15. UNUSUAL MECHANISMS

A number of interesting refrigerat-

ing mechanisms have been developed,

manufactured, and used through the past

several decades. Figure 10-16 illus-

trates two of the unusual unit s that

proved practical, but eventually gave
way to the hermetic units now in almost
universal use.

The 1986 Leonard refrigerating cycle. Note the heat exchanirer
built into the high side float chamber

10-16. Several refrigerating cycles that have been
used during the past several decades.
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Chapter 11

SERVICING

CONVENTIONAL SYSTEMS

A competent service man must be

well acquainted with the fundamentals

of refrigeration and must be adept in

the proper use of tools before he is

qualified to work on a conventional re-

frigerating mechanism. A good know-
ledge of fundamental refrigeration is

needed to dismantle and assemble the

mechanism and to locate troubles. A
knowledge of the handling of tools is

necessary in order to lap valves pro-

perly, to fit tubing, and to assemble the

parts in the proper manner.
The ability to locate trouble and de-

termine its cause is a main qualifica-

tion of a competent refrigerator ser-

vice man. Practically any careful

mechanic can overhaul a refrigeration

mechanism once it is taken apart, but

it requires a specially trained mech-
anic to dismantle and assemble a re-

frigerator, and it also requires special

training to diagnose troubles and make
repairs on the mechanism. It is very
important to read and study this com-
plete chapter before attempting any

repairing.

11-1. SERVICING CONVENTIONAL
REFRIGERATOR UNITS

As all of the reciprocating com-
pressor type refrigerators are much
the same, general instructions will

apply to nearly all of them. Although

all of the domestic refrigerating units

being made today are hermetic, there

are still many conventional units in use.

11-2. DISMANTLING

Generally speaking, to remove any

part of the mechanism it is first ne-

cessary to remove the refrigerant from
the mechanism. This is done by in-

stalling gauges in the system, the

proper manipulation of the service

valves, and operation of the compres-
sor. See Fig. 11-1. The removal of any

part is usually accomplished by draw-
ing a low pressure or vacuum on that

part to be dismantled in order to eva-

porate the refrigerant from it, and then

by equalizing the pressure to pounds

1 1-1. A conventional compression system showing the

location of the gauges and the servicing valves. A. High

pressure gauge; B. Compound gauge; C. Suction service

valve; D. Discharge service valve; E. Liquid receiver

service valve; F. Expansion valve.
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11-2. A typical set of tools needed for servicing operations.

(Gibson Refrigerator Co.)

per square inch gauge. The vacuum, of

course, removes the refrigerant and the

equalizing or balancing of the pressure
prevents a rush of air into the mechan-
ism, when the system is opened. This
last step is very important. The process
is performed by closing the inlet ser-
vice valve to the part to be removed,
running the compressor until the gauge
shows a psig to a 28 in. vacuum, and
then after opening the inlet service
valve until the gauge reads zero, clos-
ing the inlet service valve to that part,
cleaning the joints and then removing
the parts.

11-3. TOOLS

The service man should be equipped
with an adequate tool kit. Tools re-

quired include: valve wrenches, gauges,

storage cylinders for the refrigerant,

wrenches, and a torch, Fig. 11-2. The

service man is helpless without a

proper array of tools. See Chapter 2

for more detailed description of the

tools.

A service man's complete tool kit

will comprise the following:

1 Refrigeration ratchet wrench with

3/16, 7/32 and 1/4 in. square openings

1 1/4 in. square to 1/4 in. square

ratchet wrench adapter

1 1/4 in. square to 3/16 in. square

ratchet wrench adapter

1 1/4 in. square to 7/32 in. square
ratchet wrench adapter
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1 3/ 16 in. internal packing nut adapter 1 Set of sockets with from 7/ 16 in. to

1 in. openings (12 point preferred.)

1 1/4 in. internal packing nut adapter

) T-handle wrench for the above sock-

1 Set of bending springs for 1/4, 3/8, ets.

and 1/2 in. O.D. tubing

1 Tube cutter

1 Survil handle wrench for the above

sockets

1 Flaring outfit to use on 3/16, 1/4, 1 Torque handle wrench for the above

5/16, 3/8, 7/16, 1/2 in. O.D. tubing sockets

1 gauge manifold

1 Compound gauge 30 in. Hg— — 150

psig

1 High pressure gauge — 300 psig

1 8 in. adjustable open end wrench with

maximum jaw opening of 1 in.

1 1/2 in. end wrench 15 degrees

13/4 in. end wrench 15 degrees

17/8 in. end wrench 15 degrees

1 1 in. end wrench 15 degrees

1 1/2 in. box wrench

1 1/2 in. "T" socket wrench

1 3 in. screwdriver

1 6 in. screwdriver

1 8 in. screwdriver

1 Blow torch

1 Bottle of 28 per cent aqua ammonia

1 set of Allen set screw wrenches

1 5 lb. cylinder of Freon-12

1 5 lb. cylinder of sulphur dioxide

1 3 lb. cylinder of methyl chloride

1 Speed handle wrench for the above

sockets

1 Pinch-off tool (For extreme emer-

gencies only)

1 Thermometer -20F. to to 120 F.

1 Set of fittings, i.e. nuts, elbows,

unions, half unions, "tee," caps, plugs,

etc.

1 Purging line {\ in. x 15 ft.) equip-

ped with a hand shut-off needle valve

and a check valve

1 Brush— round with filter bristles

1 Cleaning cloth

1 2 lb. can of lye for sulphur dioxide

systems

1 Gasket scraper (ground file)

1 Glass lapping block

1 Can of refrigerant oil (spout type)

1 Can of refrigerant oil, 300 viscosity

1 Can of refrigerant oil, 150 viscosity

11-4. INSTALLING GAUGES

Before attempting any trouble shoot-

ing or service work on any unit, pres-
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sure gauges should be installed and the

cooling unit temperature should be tak-

en.

A very careful procedure must be

followed when mounting the gauges on

a refrigerating system to insure a

clean system and a long life for the

EVAPORATOR;?

11-3. A service gauge manifold. A. A compound gauge

manifold valve; B. A high pressure gauge manifold valve;

C. Compressor discharge service valve; D. Compressor

suction service valve; E. Purging and charging manifold

connections.

(Mueller Brass Co.)

gauges. These gauges are either screw-
ed directly into the service valves, by
means of a 1/8 in. pipe or a 1/4 in.

pipe connection, or by short runs of

1/ 4 in. tubing with which the appropriate
fittings are used. A gauge manifold
may also be used. Its installation is

described in Paragraph 11-5. The ser-
vice valves on refrigerators in service
are usually turned all the way out ready
to receive the gauge in the gauge open-
ing; however, the service man should
always check to make sure the gauge
opening is closed off before removing
the gauge opening plug.

The following is an approved pro-
cedure for installing gauges: First,

loosen the packing nut one complete
turn and turn the valve stem all the

way out. Clean the exterior of the ser-
vice valve with a brush, and a clean-
ing cloth and remove the gauge plug.

Mount the gauge into the gauge open-

ing, being careful not to twist on the

gauge body; that is, do not tighten the

gauge into the fitting by twisting with

the hand, but rather use the proper

size wrench.

Now turn the valve stem in, using

the fixed end of the service valve

wrench, and turn it in only a very

small distance (1/16 to 1/8 turn). This

"cracking" is to prevent the rupturing

of the gauge mechanism in case there

is an excessive pressure released into

the gauge Bourdon tube. Shut off the

valve in case the pressure builds up

too rapidly. Stop the machine, if ne-

cessary, to build up a positive pressure

of from 5 to 10 psig and then test for

leaks. The gauge is now in position for

use.

11-5. INSTALLING A GAUGE
MANIFOLD

A service device which has been of

considerable aid to servicemen for

several years is a service gauge and

testing manifold. Fig. 11-3. Its use en-

ables one to charge and discharge a

system, check the pressures, add oil

to a system, add liquid dryers to a sys-

tem, by-pass the compressor, unload

the gauge lines of high pressure liquid

and gas and perform many other ope ra-

tions without replacing gauges and

operating inaccessible service connec-

tions.

A typical manifold provides two

gauge openings, three line connections

and two shut-off valves that separate

the gauge openings from the center

line connection. This manifold enables

the serviceman to connect his gauges

to the system and then allows him to

do practically all service and adjust-

ment operations without removing the

gauges even temporarily.
The manifold usually has 1/4 in.

square drive valve stems although some
are equipped with hand wheels. The
three line attachment fittings are usual-
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ly 1/4 in. MF. The manifold is connect-

ed to the SSV (D) and the DSV (C) by

means of 1/4 in. dia. copper tubing or

by means of flexible lines. Fig. 11-4.

Because most of the service valves

have 1/8 in. FP gau.ge openings two

1/8 in. MP x 1/4 hwMF'half unions

are installed in the service valves.

Be sure the service valve stems are

turned all the way out and that the valve

is cleaned externally before removing

the pipe line plugs and installing the

half unions.

After the half unions are installed

in the gauge openings, the lines from

the manifold are attached to these fit-

tings. The line attached to the SSV(D)

should be left one to two turns loose

11-4. A flexible charging line. Note the wall construc-

tion. A. External flare connection; B. Internal flare con-

nection.

(Resistoflex Corp.)

while the line to the DSV should be

tightened. Then open both the manifold

valves (A and B) 1/4 to 1/2 turns and
cap the middle opening (E). Now turn

the DSV (C) stem in 1/8 to 1/4 turn

momentarily. A surge of high pres-
sure refrigerant will then rush through
the lines and the manifold and purge
to the atmosphere at the loose connec-
tion at the SSV(D). The connection at

the SSV(D) may now be tightened. This
purging is very necessary to remove
all the air and moisture from the mani-
fold and also the lines, Fig. 11-5.

Carefully test for leaks while the
manifold and its lines are under high

pressure. CORRECT ANY LEAK IM-
MEDIATELY.

After the testing manifold has been
installed as indicated the various ser-
vice and testing operations maybe per-
formed as follows:

1. Observe operating pressures by:

Closing valve A
Closing valve B
Cracking open back seat of

valve C
Cracking open back seat of

valve D
2. Charge refrigerant through com-

pressor by:

Connecting refrigerant drum to E
Opening valve A
Closing valve B
Cracking open back seat of

valve C
Closing front seat of valve D

3. Purge receiver by:

Closing valve A
Opening valve B
Back seating then crack open

valve C
4. Charge liquid into high side by:

Connecting refrigerant drum to E
Closing valve A
Opening valve B
Mid positioning valve C

5. Build up pressure in low side for

control setting or to test for

leaks by:

Sealing E with seal cap

Opening valve A
Opening valve B
Back seating then crack open

valve C
Mid positioning valve D

6. Charge oil through the compres-
sor by:

Connecting oil supply to E
Opening valve A
Closing valve B
Turning valve C all the way out

Turning valve D all the way in

After completing the service opera-

tions, the manifold is removed from the

system in a manner that prevents a loss
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11-5. The installation and various uses of a gauge manifold.

of refrigerant, or admittance of air.

Turn the DSV (C) all the way out, then
open both the manifold valves 1/4 to

1/ 2 turn. This arrangement will remove
all the high pressure refrigerant from
the line and the high pressure gauge.
Now turn the SSV(D) stem all the way
out and turn the manifold valve stem all

the way in. Remove the lines from the
service valve, remove the half unions
from the service valves and install the
service valve gauge opening plugs and
tighten them. Immediately plug the
lines and all other openings on the
manifold to keep out dirt, moisture and
air.

11-6. REMOVING A GAUGE

Loosen the packing nut one turn and
turn the valve stem all the way out. Re-
move the gauge (using a wrench), fill the
gauge opening with refrigerant oil, and
then install the plug. After the plug is

tightened firmly into its seat, turn the
valve stem back in about 1/16 of a turn;
then tighten the packing nut. The pur-

pose of putting the oil into the gauge

opening is to have it serve as a lubri-

cant to the valve stem and its packing.

The purpose of turning the valve stem
back in l/16th of a turn is to prevent

the valve from "freezing" against its

seat. Such a condition occasionally

leads to broken valve stems. Never
tighten a cold gauge plug into a hot

service valve. This results in a freezing

of that plug into its seat and it probably

will be very difficult to remove. When
using the service valve wrench on these

valves, never use a jerky motion. Al-

ways apply the turning force gradually.

Adjustable end wrenches or fixed end

wrenches are not recommended for

service valve stems. Only the special

socket wrenches, sometimes called

keys, are to be used.

If the gauge plug is "frozen" in the

service valve it can be loosened easily

by first heating the outside of the ser-

vice valve body with flame from a torch.

This heating will cause the body to ex-

pand and will weaken the body thread

grip on the plug. The wrench can then

be used to loosen the valve stem.
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11-7. CARE OF SERVICE VALVES

In all of the refrigerators equipped

with service valves, the valves must be

leak-proof to obtain a leak-proof joint

where the valve stern^ go€s into the

valve. Various packings are used.

These packings differ with different

valve designs and when replacing them
one must be sure the proper packing is

used.

The packing is usually made of as-
bestos, lead, and graphite. A replace-

ment service valve is shown in Fig.

11-6. It has a slotted flange that enables

one to fit this valve to a great variety of

compressor flange sizes.

1 1-6. A compressor service valve with slotted flange

holes and a protective cap over the valve stem.

(Mueller Brass Co.)

11-8. PREPARING A REFRIGERATOR
FOR SERVICE WORK

It is very important to prevent any
damage or excessive disorder when
working on any refrigerator. The re-
frigerator must be protected from dam-
age and dirt. The floor and walk must
be kept free of damage and dirt. Al-
ways remove any articles that are in-
side the refrigerator or at least put
them to one side and cover them with
paper or cloth. Spread papers, or pre-
ferably a tarpaulin, around and under
the refrigerator, especially if the work
is to be done in a home. One must be
very careful of all finished surfaces.
Porcelain is very brittle and any chip-

ping or cracking of it may necessitate
replacing a complete panel. Enamel
finishes should not be smeared with oil

or grease. Some servicemen fasten
newspapers over surfaces they wish
to protect and fasten these papers with
masking tape or Scotch tape.

11-9. REMOVING ANY PART OF
THE SYSTEM

The general steps to be followed
when removing any part of any system
are as follows:

1. Remove all the refrigerant from
the part to be opened.

2. Balance the pressures in the

parts just evacuated.

3. Isolate the parts to be opened
from the rest of the system.

4. Clean and dry the joints to be
broken.

5. All refrigerant openings should
be immediately plugged as soon
as they are opened.

When servicing a refrigerating me-
chanism, one must always keep in mind
that the internal part of the machine
must be kept as chemically clean as
possible. Moisture causes acids, sludge
and even freezes in the low tempera-
ture passages. Dirt (solids) will abrade
the control valves, abrade the com-
pressor valves and seats, and clog the

screens.

11-10. REMOVING THE
COMPRESSOR

Install the gauges, or the manifold;

test for leaks very carefully. See
Paragraphs 11-37 for leak tests. In

order to test for leaks, the pressure
must be at least 5 to 15 pounds.

Turn the suction service valve all

the way in (closing off the suction line).

Fig. 11-7. Start the compressor, but

let it run for only a moment in order to

eliminate oil pumping, for the oil in the

crankcase will bubble vigorously due to

the refrigerant coming out. Pumping of
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oil is indicated by a pounding noise in

the compressor and usually occurs be-

tween 10 in. and 12 in. vacuum. After

starting and stopping the unit two or

three times, it may finally be run con-

tinuously. Keep the unit running for a

few minutes after a constant vacuum is

reached on the suction gauge. If a vacu-

um cannot be obtained, it means that

the compressor is inefficient or that the

suction service valve is leaking. Stop

the compressor and notice if the gauge

creeps. If it does, this signifies that

the exhaust valve in the compressor is

leaking, that the suction service valve

is leaking, or that the crankshaft seal

is leaking. In this case the prevention

of gas escaping or of air getting into

the system will be difficult. These leaks

will necessitate a special service op-

eration to rid the system of air.

If the gauge does not creep, crack

the suction service valve until the com-
pound gauge reads zero or 1 pound

{-VACUUM

I 1-7. An illustration showing the suction service valve
stem turned all the way in and the compressor evacuated.

pressure (equalizing the pressures).

Then turn the discharge service valve

stem all the way in, and unbolt the

suction service and discharge service

valves from the compressor (do not

remove the lines from the valve). The

joints should be cleaned before open-

ing. See Fig. 11-7. Immediately plug

all the openings through which refrig-

erant flows using dry rubber, cork

stoppers or tape. Disconnect the com-
pressor base bolts that hold the com-
pressor to the base, remove the belt,

and the compressor is ready for an

overhaul. The oil should be drained

immediately. Do not use the old oil

again, especially if it shows discolora-

tion. To keep the crankshaft seal from
being abused, never rest the weight on

the flywheel. Always set the com-
pressor on a block in such a way that

the flywheel hangs free, or remove the

flywheel.

11-11. REMOVING THE COOLING
UNIT (DRY SYSTEM)

Install the compound gauge or the

manifold and test for leaks. Start the

compressor and close the LRSV, Fig.

11-9. Run the compressor until a con-

stant vacuum has been produced and

until the cooling unit is warm. To
speed up this operation heat the cool-

ing unit carefully with a torch or hot

water. Never allow it to get more than

warm to the hand. After stopping the

motor, open the LRSV a very little un-
til the compound gauge reads zero
(equalizing the pressure); then turn

the suction line service valve all the

way in, closing the suction line. If the

system normally operates on a vacuum,
one may obtain a balanced pressure
(atmosphere) in the cooling unit by
either warming the unit, or by by-
passing high pressure back through the

gauge manifold.

Clean and dry the suction line where
it is connected to the cooling unit and
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1 1-8. An illustration showing the two compressor service

valves turned all the way in and the compressor crank-

case pressure balanced and ready for removal from the

system.
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I 1-9. An illustration showing the liquid receiver service

valve closed and the compressor evacuating the liquid

line and the low pressure side of the system.

also the inlet connection. Then unfasten

the suction line from the cooling unit

and plug the openings with appropriate
fittings.

11-12. REMOVING A HIGH SIDE
FLOAT

If the unit has a high side float, the

method of removing the refrigerant

from the low pressure side may be

used in some cases. However, to re-

move the refrigerant from the con-

denser and float chamber, the follow-

ing procedure is recommended: If the

float chamber is equipped with a purg-

ing valve, connect a line from this

valve to the suction service valve of

the compressor. Then connect a re-

frigerant cylinder to the discharge

service valve gauge opening and turn

the DSV stem all the way in. Purge
both of these lines and then start the

compressor. As the compressor runs,

it will pump the refrigerant out of the

condenser and float chamber into the

cylinder. A constant vacuum will indi-

cate when all the refrigerant has been

removed. The cylinder should be cool-

ed by using cold water or water and ice

cubes during this operation to speedup

the condensation of the refrigerant in

the cylinder. It is not good practice to

save this refrigerant unless the cy-

linder was clean before it was filled,

and unless the refrigerant is to be put

back into the same unit.

Balance the pressure by "cracking"

the discharge service valve, and the

float may be removed.

If one wants to keep the refrigerant

in the cooling coil, turn the suction

service valve stem all the way in.

Clean the connections before breaking

open any of the joints. A quicker way
is to throw away the refrigerant in the

float chamber by isolating the float

chamber and then purging to the out-

doors or neutralize with lye in case of

sulphur dioxide.
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11-13. REMOVING A LOW SIDE

COIL

There are two methods of removing

the flooded cooling unit and they depend

on whether or not the refrigerant is to

be left in the cooling unit.

1. The refrigerant may be left in

the cooling unit if the cooling unit is

equipped with service valves between

the lines and the cooling unit. This

method will necessitate leaving both the

service valves on the cooling unit;

therefore it will apply to all types of

valved cooling units. To leave the re-

frigerant in the cooling unit, proceed as

1 1 1 1 1 1 1 1 1 1 1 1 1

1
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11-10. An illustration of a method discharging a system.

follows: close the liquid receiver ser-
vice valve and run the compressor for
about 1 minute or until the liquid line
becomes warm. In the meantime, heat
the liquid line slightly with a torch
or by rubbing one's hand on it. This
action will remove all the liquid re-
frigerant from the liquid line. Then

close the liquid line valve located on

the cooling unit. It is best to close this

valve when the compound gauge is read-

ing about zero pounds. The liquid line

may be disconnected and plugged after

the exterior has been carefully cleaned

and dried. Turn the cooling unit suc-

tion line valve stem all the way in, and

balance the pressures in the suction

line by manipulating this valve. Clean

and dry this connection, remove, and

plug the suction line. By carefully bend-

ing the suction line and liquid line to

prevent the buckling of them, the cool-

ing unit may be readily unbolted and

removed from the cabinet. Many cool-

ing unit mounting devices become cor-

roded and are difficult to remove. Heat

them carefully (do not heat the porce-

lain) or use penetrating oil.

2. If the cooling unit is not equipped

with service valves, or if the refriger-

ant is to be withdrawn from the cooling

unit, use the following prodedure: In-

stall a compound gauge in the suction

service valve and test for leaks. Start

the compressor and shut off the liquid

line at the cooling unit if it is provided

with bolted valves, or close the liquid

receiver service valve if it is not. Con-
tinue to evacuate the cooling unit, heat-

ing it carefully as suggested to speed

up the work until a constant vacuum has

been produced. Next stop the compres-
sor and crack the cooling unit valve or

the liquid receiver service valve until

the pressure has been equalized, that

is, until the compound gauge reads

zero. Now, turn the suction service

valve stem all the way in. After clean-

ing the connections at the cooling unit,

remove them very carefully, and plug

all the openings immediately. If the

cooling unit is equipped with valves,

and the cooling unit liquid line valve

has been shut off, this valve must be
unbolted from the cooling unit. This
means that it will be impossible to seal

the cooling unit openings; therefore,

the method whereby the liquid receiver
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service valve is the valve manipulated,

is the best.

11-14. REMOVING THE
REFRIGERANT, CONDENSER,
RECEIVER TANK

In this case, all^the nefrigerant

must be thrown away or stored in an

outside cylinder. Turn the discharge

service valve all the way out and at-

tach a line from a storage cylinder,

if one is to be used, to the valve. The
storage cylinder may be connected to

the center opening if a manifold is

used. Purge the line leading from the

cylinder by sealing the line at the

cylinder; then leaving it loose at the

discharge service valve, crack the cy-

linder valve and the escaping gas will

force the air out of the line. Seal the

line at the discharge service valve,

close the discharge line of the com-
pressor by turning the discharge ser-
vice valve all the way in, test for leaks,

and start the compressor. Place the

cylinder in a bucket of water in order to

keep it as cool as possible. Fig. 11-10.

This action will promote the condensa-
tion of the refrigerant in the cylinder.

Allow the compressor to run with all

but the discharge service valve open.

Shut the compressor off after a con-

stant vacuum has been maintained for

several minutes. When one does this

operation the first few times, a high

pressure gauge should be connected to

the refrigerant cylinder to enable the

service man to observe the head pres-

sure. The pressure should not exceed
50 psi over the normal condensingtem-
perature for the particular refrigerant.

Excessive head pressures may be

avoided by cooling the refrigerant tank

with ice, or water, or by running the

compressor intermittently. Saving the

refrigerant is not recommended in

small systems because it might be

saturated with dirt and impurities.

The cost of 1 or 2 pounds of refriger-

ant is not excessive. Never allow the

system to pump oil as the hydraulic

pressures may cause serious damage
to the compressor and lines. Never
use the refrigerant in any system but

the one it was removed from unless the

refrigerant is distilled and dried. The
operation may be speeded up by apply-

ing a torch to the liquid receiver tank

and to the cooling coil. Keep the torch

away from fuse plugs and soldered

joints.

The refrigerant has now all been
pumped from the system and is placed

in a storage cylinder.

Close the cylinder valve and stop

the compressor; then after opening the

discharge service valve, crack the cy-

linder valve until a zero pressure is

indicated on the compound gauge. This

action returns enough gaseous refrig-

erant to balance the pressure in the

entire system. Before opening it to the

air, close the liquid receiver service

valve and turn the discharge service

valve stem, all the way in and the con-

denser and receiver may be removed
from the mechanism.

The above method is also used for

removing the refrigerant. As mentioned

before, clean and dry all the connections

to be opened and immediately upon re-

moval of any parts, the refrigerant

openings should be carefully plugged.

Whenever the service man wants to

discard the refrigerant, he may either

exhaust it to the air or in some cases

(sulphur dioxide) discharge it into a

neutralizer such as lye.

A good practice to follow when dis-

carding refrigerant is to attach a purg-

ing line made of 1/4 in. copper tubing

to the discharge service valve gauge

opening. This purging line should have

a hand needle valve and a check valve

mounted in the compressor end. The

hand needle valve should be located be-

tween the check valve and the purging

line.

The purpose of the hand valve is to

control the amount of gas purged while
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the check valve prevents the backing up

of air or moisture into the unit after it

has been completely purged. Another

common practice for discarding re-

frigerants is to purge the gas down a

sewer. This practice is not recom-

mended due to the corrosive action of

some refrigerants. If it is done, the

water tap should be opened and the

water allowed to flow rapidly in order

to wash the refrigerant along.

Because all refrigerants being purg-

ed have an oil content the purging should

be done into an oil trap. Always purge

a refrigerant into a well ventilated

space.

11-15. REMOVING AN
EXPANSION VALVE

Install the gauges or the gauge

manifold and test for leaks. Close the

liquid receiver service valve and run

the compressor until a constant vacu-
um is maintained for a few minutes.

Equalize the pressure by cracking the

liquid receiver service valve. Turn the

suction service valve stem all the way
in, dry and clean the expansion valve.

Then remove the liquid line and unbolt

the valve from the cooling unit. Seal
the refrigerant openings immediately.
This method is similar to removing a
flooded cooling unit not equipped with
service valves.

11-16. REMOVING A FLOAT
VALVE

There are two principal types of
float valves. First, the type which is
completely removable including the
float, the needle, and the refrigerant
openings. Second, the cartridge type in
which the header is welded to the body,
and the needle and seat are built into a
cartridge. The float cannot be removed
in this lattertype which usually uses the
open pan type floa*

1. To remove a bolted cooling unit
float valve, the same procedure is fol-

lowed as when removing the cooling

unit itself with a few additional pre-

cautions. When doing the project, have

the new float valve and a new lead

gasket handy so the job may be done

quickly. Also, tilt the cooling unit back

before unbolting the header to prevent

the oil from running out. ALWAYS RE-
MOVE FOOD FROM A BOX BEFORE
WORKING ON A COOLING UNIT.

2. A cartridge type of needle valve

may be replaced using the same meth-
od previously explained with the excep-
tion that the suction line does not have

to be removed. The cartridge needle

assembly that screws out of the header
is all that needs servicing. In this type

of float valve the needle fastens to the

float by means of a spring snap. In-

serting the cartridge automatically

fastens the needle to the float.

11-17. REMOVING A SERVICE
VALVE

Occasionally a service valve stem
will break or the threads will strip,

necessitating a replacement of the

valve. If it is the suction service valve,

one must remove all the refrigerant

from the cooling unit and then balance
the pressure unless the cooling unit is

furnished with valves. To remove a dis-

charge service valve or a liquid receiv-
er service valve, the refrigerant must
be removed from the entire system. Do
not pinch the lines to replace valves
as the weakened tubing will shortly
cause trouble. Servicemen have suc-
cessfully replaced these valves by
super-cooling the refrigerant in the
system by using dry ice. When dry ice
is packed around the refrigerant con-
taining parts of the system and when the
gauges show atmospheric pressure, the
system can be opened. Be sure to wear
goggles during this operation.

11-18. REMOVING THE ELECTRIC
MOTOR

To remove the electric motor, first
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disconnect the power line, then remove
the wires from the motor terminals.

Label the terminals to aid assembly
plater. Next loosen the hold-down bolts

which attach the motor to the base. Re-
move the belt from the flywheel first,

then the pulley. The rrfotpr can then be

lifted out. Use care that the fan does not

hit the condenser coils or catch on the

belt.

11-19. REPAIRING THE
CONVENTIONAL UNIT

Most of the mechanisms used in

conventional refrigerating machines
may be repaired and used again just as

is done in automobile repairing. How-
ever, the replacement policy is very
popular and if the parts are available,

this practice is to be preferred. Many
orphan makes (the manufacturers are

no longer in business), are still being

used and parts cannot be obtained for

them. With these machines in mind,

the following instructions deal with re-

conditioning the old mechanisms to ef-

ficient condition. There are many things

that can go wrong with a refrigerating

unit but only a few represent 90% to 95%
of the failures. These few are (1)

leaks (2) faulty motor (3) faulty com-
pressor and (4) faulty refrigerant con-
trol. The overhaul of the electric mot-
or is covered in Chapter 7. Leaks are
discussed in Chapters 8 and 11.

11-20. CHECKING THE
COMPRESSOR

Many refrigeration troubles are due
to compressor failure. In most cases of

refrigeration failure, it is advisable to

check the compressor first to deter-

mine if it is operating satisfactorily.

Naturally, a good service man will also

look for other indications of troubles as

he performs the check on the compres-
sor. However, he should be certain that

the compressor is in satisfactory oper-

ating condition before proceeding with
other tests.

The two most common causes of

compressor trouble are valves, and
seals. Noisy valves may be detected

by a sharp clicking noise in the com-
pressor as it operates. Leaky valves
may be detected as follows: install both

the high pressure and compound gauges
or the gauge manifold and test for leaks.

Turn the suction service valve stem all

the way in to close the suction line and
then run the compressor intermittently.

That is, turn the power on and off for a

very few seconds at a time until the

danger of pumping oil is stopped; then

allow the compressor to run until a

28 inch vacuum or as good a vacuum
as possible, has been obtained. Stop the

compressor; if the compressor exhaust

valve leaks, the high head pressure will

leak back through the exhaust valve and
produce a pressure above atmospheric
on the compound gauge; therefore if the

compound gauge creeps, it is a sign that

the exhaust valve needs servicing, or
that there is a leak on the low side

(seal).

Another way to check the efficiency

of the exhaust valve of the compressor
is as follows: Mount the pressure
gauges, test for leaks, and then turn the

discharge service valve stem all the

way in. TURN THE COMPRESSOR
OVER BY HAND. If the discharge valve

leaks, the pressure, as indicated on this

pressure will then leak back to its

former value as the piston goes down
if the exhaust valve is leaking. That is,

if the gauge pressure fluctuates con-

siderably, it is an indication of a leaky

exhaust valve, but if the pressure mere-
ly increases and does not drop back to

any extent, it indicates that the exhaust

valve is not leaking.

A worn piston or cylinder is in-

dicated by a clicking noise which is

somewhat duller than the noisy valve

indication mentioned before. A com-
pressor should be able to produce at
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least 30 inches of vacuum against its

head pressure (depending on the refrig-

erant) to be good enough for use. The

compressor must pump a specified

quantity of gas at a certain pressure

difference to do the work necessary;

but this is too hard to check; there-

fore the above methods are used as

secondary checks. See paragraph 21-44

for a description of compressor volu-

metric efficiency. Many shops use a

fixed size tank into which the compres-

sor pumps air while being tested. If

the time it takes to pump the compres-

sor pumps into 150 lbs. per sq. in. is

noticed for each size a compressor, a

universal way to test volumetric effi-

ciency is available.

Compressor Testing Methods:

1. Vacuum producing ability

2

.

High pressure maintaining ability

3. Being able to hold both the vacu-

um and the head pressure

11-21. CHECKING COMPRESSOR
SEAL LEAKS

To test for leaks on the low pres-

sure side of a compressor, such as at

gaskets, at the suction service valve,

or at the crankshaft seal, one may use

one of two methods: (1) Close the suc-

tion service valve and draw as high a

vacuum on the compressoras possible.

Then turn the discharge service valve

all the way in. Keep the compressor
running. If the head pressure gradually

rises, it means that air is being drawn
into the low side of the system. (2) A
better way is to balance the pressures
in the crankcase and turn the discharge
service valve all the way in. Remove
the discharge service valve gauge plug
and connect a 15 in. length of copper
line; then immerse the end of the cop-
per line into a glass bottle partly filled

with oil, with the compressor running.
If the tube discharges gas continuously,
as shown by air bubbles appearing in

the oil, air is being admitted to the low

side of the compressor. If there are no

leaks, the bubbling will stop immedi-

ately after the compressor is started.

To locate the leak, put refrigeration oil

around one joint at a time; if air is leak-

ing in at that point, the air bubbles will

cease while the oil is being drawn in in-

stead of air. See Fig. 11-12.

11-22. COMPRESSOR INTAKE
VALVE TESTING

A poor intake valve will be indicated

by a poor vacuum, but the compressor

holds it when it stops. This may also be

due, however, to too thick a gasket or

worn pistons and rings. Another item

11-11. This figure illustrates the correct method of

measuring clearance between the crankshaft eccentric

and the compressor housing.

(Tecumseh Products Co.)

to keep in mind is that a lack of oil will

always result in poor pumping ability.

When assembling a compressor in

which it has been necessary to replace

major parts it is important that the ec-

centrics be properly positioned on the

crankshaft. The eccentrics must be

positioned so the connecting rods are
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given a full seat on the eccentrics;

also sufficient end clearance must be

provided in order that the eccentrics

will not bind or rub against the com-
pressor housings. Fig. 11-11 shows the

correct way to measure clearance be-

tween the eccentric ancMhe compressor
housing.

11-23. COMPRESSOR TESTING
AFTER OVERHAUL

After the compressor has been
overhauled, it should be charged with

the correct amount of oil and tested.

To put the proper amount of oil in a

compressor, connect a tube to the suc-

tion service valve, run the compressor,
and pump a vacuum with this tubing im-
mersed in fresh refrigerant oil. The
oil will quickly fill the crankcase. Oil

starting to spray through the discharge

service valve, is an indication that the

compressor has enough oil. It is best

to fill the compressor with the amount
of oil recommended by the manufactur-
er. The compressor should next be
equipped with a high pressure gauge
and a compound gauge, or a gauge
manifold vacuum against its head pres-
sure (7 5 psi for sulphur dioxide and
100 psi for methyl chloride). If the

compressor tests all right, it should

be baked for a period of 8 hours or
more at a temperature of 150 F. to

200 F. with a 20 in. vacuum on the

crankcase. 3

11-24. REPAIRING COMPRESSOR
VALVES

Practically all valves of domestic
refrigerators are of the diaphragm or
disk type, usually called a flapper

valve. They are made of very thin

spring steel with a smooth surface

and are held in place either by their

own spring tension and a machine
screw, or by an auxiliary coil or flat

spring. After a long period of use the

I 1-12. Using a manifold and oil to test for low pressure

side leaks in a compressor. A. The bubble test. B. The
head pressure test.

compressor valves wear and the valve

seats, which are usually made of cast

iron, may become worn. It is always a

good policy to replace the valves when
overhauling a compressor because the

cost is small. It is also good practice

to lap the valve seats. There are many
methods of lapping seats that are satis-
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factory. The two things necessary are

that a very fine lapping compound be

used and special care must be taken

to clean all lapped surfaces carefully

after lapping valve seats, otherwise the

compound will ruin the compressor.

Wherever raised valve seats are used,

a plate glass surface may be used as

the lapping tool, or special lapping

blocks may be used. Some companies

use fine polishing paper clamped to a

flat plate as the lapping surface. Where

the valve seat is in a bad condition,

the valve plate should be mounted in a

lathe, either in a chuck or on a face

plate, and the whole plate trued up.

Most companies also use a surface

grinder to true up a valve seat.

11-13. A valve disc. The side (A) is to face away from
the valve seat.

In compressors using the spring
steel type of valve it is necessary that

the proper surface of the valve come
in contact with the valve seat. This
surface may be detected by the slightly

turned-over edge of the opposite sur-
face of the valve. This is caused when
these valves are stamped out; the
stamping process turns the edge of the
valve on one side (burrs it) and if this

side were placed against the valve
seat, it might not seal properly, Fig.
11-13.

Replacement valve plates are avail-

able and their use is recommended in

the field. One replacement valve plate

has removable seats and valves. Fig.
11-14.

11-14. A replacement valve plate. These special valve

plates are available for most refrigeration compressors.

The valves and the valve seats are removable and can

therefore be easily repaired.

(Chicago Seal Co. Inc.)

11-25. REPLACING BEARINGS

It is seldom that any work has to be

done on the connecting rod bearings or

crankshaft bearings of compressors,

but if this should be necessary, it is a

replacement and reaming process si-

milar to some automobile work. Old

bearing sleeves usually made of brass

or bronze are removed by first split-

ting them with a cape chisel. The new
sleeve is pressed into place and then

line reamed to fit.

A bushing pressed into a blind hole

can also be removed by using hydraulic

pressure. Fill the cavity with grease

and then insert a shaft the same size

as the I.D. of the bushing. Cover the

shaft with a cloth to protect against

flying grease and then hit the shaft a

sharp blow. The hydraulic pressure

created will push out the bushing.

Always measure the crankshaft

journals for size, taper and out-of-

round. A variation of more than .001

inch necessitates reconditioning the

journal or replacing the crankshaft,

Fig. 11-15. Very close clearances are
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usually held in fitting compressor

bearings. One of the most common
sources of noise in a compressor is

¥the piston pin. This pin must be re-

placed in practically all overhauls.

Tolerances of .0005 "in. are not too

small. The fit must be"very>snug. Ad-

justable reamers, hand operated, may
be used to ream the piston and connect-

ing rod. If the pin itself is badly worn,

a new one must be obtained. Some
automobile piston pins are usable in

refrigerating compressors. Badly

scored eccentric connecting rods must

be replaced.

vnT
11-15. A method of checking shafts, rollers and cylin-

ders for trueness. A. Surface plate; B. Vee Blocks; C. Dial

indicator.

11.26. REPAIRING CRANK SHAFT
SEAL

Sylphon seals usually have only two

troubles, a squeaky noise caused by

running the seal dry, and a leaky seal

caused by a scored seal surface. A
noisy seal will soon become a leaky

one if not attended to: it may be rem-
edied by the usual process of lapping

the seal, or it may sometimes be re-

paired by tapping the seal box lightly

with a hammer. A more certain rem-
edy is to wrap the bellows with oil-

soaked wool yarn or string. A leaky

seal may be detected by the usual test

for leaks (ammonia for sulphur diox-

ide, etc.. See Paragraph 11-37). Air
in the system is usually the result of a

leaky seal. This is detected by a high

head pressure in systems having a be-

low atmospheric low side pressure. It

will usually cause a lack of refrigerant

in systems using an above atmospheric

low side pressure. The usual symptoms
of this trouble are high power bill,

constant running, poor refrigeration.

To lap in a sylphon seal properly,

the work should be done with a special

tool made of case-hardened steel with

a ground surface. This tool with some
oil-saturated lapping compound of a

very fine texture is all that is neces-

sary. The crankshaft surface and the

surface of the sylphon that come in

contact should never have any scratches

on them and should be of a burnished

appearance to give satisfactory ser-

vice. The contact surfaces of the syl-

phon and the crankshaft shoulder must

be perfectly square and polished. See

Fig. 11-16, Fig. 11-17 and 11-18. A
scored crankshaft seal shoulder is best

repaired by putting the crankshaft in a

lathe and polishing the shoulder face

with a high speed grinder. The amount

ground away must be very small be-

cause the case hardening on these shafts

is only .015 in. to .030 in. deep. Once

this case hardening is ground through,

the seal will not wear long. After the

shaft is ground, it must be lapped in

the lathe, using phosphor bronze or

cast-iron lapping blocks and a very

fine lapping compound under a light,

even pressure.

LfiPPlHQ PHPC*

lapping root.L 1 *v

11-16. Lapping the crankshaft seal shoulder.

When assembling a new or a rebuilt

seal a special tool should be used to

align the seal mechanism so it will be
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located in proper position in relation

to the crankshaft and seal housing.

Fig. 11-19 illustrates a seal align-

ment tool.

Many service men use replacement

seal assemblies. These assemblies

1 1-17. The equipment and supplies needed to lap seals

and valve plates. Note the magnifying glass used for

inspection.

(Norge Sales Corp.)

eliminate grinding and polishing as the

kit replaces both the crankshaft shoul-

der and the seal ring. See Figures
11-20 and 11-21.

Always use new gaskets when as-
sembling a compressor as the old gas-

kets have lost their compressibility.

Lead or special paper gaskets are used

on compressors. The lead gaskets are

considered best, but they cost more.

The thickness of the lead is between

.010 and .020 in. The paper gaskets

when used, must be of the same thick-

ness as those removed and must be

thoroughly dry (dehydrated) . When mak-
ing a gasket, it must fit the chamber
to be sealed. That is, the gasket that

is placed between the exhaust valve

plate and the cylinder must fit the cy-

linder with not more than 1/32 in.

clearance. If this distance is made
larger, it reduces the efficiency of the

compressor materially because it in-

creases the clearance volume. The
gasket must also be exactly the same

11-18. The correct lapping motion when lapping seal
faces or valve plates.

(Norge Sales Corp.)

11-19. A seal alignment tool.

(Tecumseh Products Co.)

thickness as the original gasket. A
gasket that is too thick will reduce the

compressor efficiency, and too thin a

gasket may cause an annoying knock.

In case a compressor has been
frozen due to a high head pressure or

moisture in the refrigerant, it should

be very carefully cleaned and the piston

and cylinder especially should be burn-
ished in order to remove all foreign

substances. Xylene will loosen a stuck-

up sulphur dioxide compressor very
nicely. Whenever a compressor is

overhauled, new refrigerant oil should
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be replaced in the crankcase unless the

old oil is not discolored. The compres-
sor must be thoroughly dehydrated

(baked) for 8 to 24 hours at 200 F while

subjected to a deep vacuum before it

is used.

'f *

11-27. REPAIRING CONDENSER
AND RECEIVER

When trouble is encountered with

either a condenser or a receiver, it is

usually cheaper to replace the unit than

to repair it. This is also true in regard

to the cooling unit unless the flooded

system is used. Welding, brazing, or

soldering is sometimes used to repair

leaks in the system, but it requires

careful work. If possible, all joints

should be silver brazed to insure a

lasting leak proof joint.

11-28. REPAIRING COOLING UNIT

In the flooded system the cooling

unit trouble is most common in the

float mechanism. It is recommended
that this unit be replaced rather than

a repair attempted.

The coil itself may be injured in

such a way as to leak. In this latter

case repairs should be made with a

high tin solder (95-5) or the work
should be done with silver alloy.

It is necessary to point out here,

however, that occasionally a service

man will be led to believe that there is

something seriously wrong with a part

of the refrigerator when it is only

some very small part such as a clogged

screen or a pit in the needle valve seat.

11-29. REPAIRING EXPANSION
VALVE

Four things likely to go wrong with

an expansion valve are: the needle and

seat becoming worn, a dirty screen.

l>—fc i j

i j i_

I 1-20. Replacement seals for conventional compressors.

Seals of this type are also found on many new com-

pressors.

(Rotary Seal Co.)

.

1-21. A replacement seal. These units are available

for most compressors.

(Chicago Seal Co.)
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leaky bellows, moisture accumulation

on the outside of the bellows. Oc-

casionally, one finds such trouble as a

broken spring, etc., but it is rare and

is easy to locate. A worn needle and

seat is usually due to a lack of refrig-

erant in the system. The refrigerant

does not have a chance to condense be-

fore it passes through the expansion

valve orifice and this dry, hot gas cuts

or erodes the needle and seat very

rapidly.

The best repair of a needle seat is to

replace it with new parts. If replace-

ments are not available, the needle

must be reground or restoned in a

lathe or drill press until the shoulder

that has been worn into the needle

surface disappears. It is very im-

portant that the same taper be kept

on this needle point. The seat, which

is nearly always made of a softer

metal than the needle, may usually be

filed, with a dead smooth file, until the

older surface against which the needle

was seated has disappeared. The seat

must be filed square at right angles to

the center line of the needle. A file

guide is best for this purpose.

One may tap the new needle into

the new seat during assembly of the

valve and get good results.

A leaky bellows is due either to

breaking down of the soldered joint,

or to a fracture in the bellows itself.

It is a difficult thing to repair, without

a special fixture to hold the parts. The
correct thing to do is to replace the

expansion valve. However, clever sold-
ering may sometimes be done to re-
pair the trouble. When soldering is

done on an expansion valve, the bellows
must be immersed in water to keep it

cool. It is difficult to find the location

of the leak in some particular in-

stances. The following method will be
found useful: Connect the expansion
valve to a dry air line and build up a
pressure of 10 to 15 pounds on the low
side of the expansion valve by plugging

the low side opening. Immerse the

whole expansion valve in a quantity

of oil or in some high flash paint

solvent; the leaks will be indicated by

bubbles.

The matter of successfully cleaning

a screen is quite important. Fine-mesh
copper screens may be cleaned fairly

successfully by combining air pressure

and a safe solvent, too, but, the best

way is by heating it. This must be very

carefully performed or the screen will

be burned. It is important never to al-

low an expansion valve to go into ser-

vice without a screen being placed in

the liquid line entrance.

Moisture on the outside of the bel-

lows is a result of air leaking into the

housing surrounding the bellows and the

natural condensation of the moisture in

the air upon the cool surfaces. This

moisture, when it freezes, binds the

bellows and does not permit the expan-

sion valve to operate at all, or permits

only very erratic operation. Washing
this part with a moisture absorber re-

moves the moisture and prevents the

reoccurrence of the trouble. The ser-

vice man may do three things: (1) Put

a quantity of vaseline in this space

which will not allow moisture to accu-

mulate. (2) Put a quantity of glycerine

in this chamber which will combine
with any moisture that enters and form
a non-freezing mixture. (3) Place a

rubber cap over the open end to ex-

clude the air. The rubber cap usually

is adequate and is the most common
practice.

To test an expansion valve after it

has been repaired, one may use the

following system: Join the liquid line

connection to a dry air line and create

at least a 90-pound pressure at the

expansion valve. Turn the adjusting

nut in until the valve is opened and

permits the air to come through; then

turn it out again until air ceases to

pass by the needle. To test this ac-

curately, pour some refrigerant oil in
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the cooling coil connection or low side

opening of the expansion valve. If the

valve is leaking, bubbles will be form-
ed. No leak of any size should be per-

mitted.
f

Another way to test an' expansion

valve is to connect a-tompo.und gauge

into the low side of ffie Valve and a

high pressure line on the liquid line

connection.

With the air fed into the liquid line

opening, an increase of the pressure

on the compound gauge will indicate

a leaking valve.

If a hand needle valve is used in the

low pressure side opening in parallel

to the gauge a definite amount of air

can be released and one can tell if the

expansion valve needle is sticking. Any
variation of pressure at the compound
gauge will show that the needle valve

is leaking. See Fig. 11-22.

The compound gauge will give the

various low side pressures for the

different adjustments and will also in-

dicate if the valve is leaking.

To test the bellows for leaks at

this point, plug the low side opening

of the expansion valve, then turn the

adjusting screw in until a positive pres-
sure of at least 30 to 40 pounds is pro-

duced on the inside of the bellows. Any
leaks in the bellows will be indicated by

bubbles coming through the oil that one

places over the adjusting screw open-
ing of the valve.

11-30. REPAIRING FLOAT VALVES

The four things that most common-
ly occur as troubles with low side float

valves are: a leaky needle and seat, a

clogged screen, a leaky float, and the

float mechanism out of calibration. The
needle and seat are repaired precisely

as those of the expansion valve explain-

ed above. This also applies to the

screen.

It is a very difficult trouble-shoot-

ing operation to locate a leaky float

ball. A very small pin hole in a float

will permit the refrigerant to enter the
interior of the float slowly and weigh
it down. This will result in the needle
being held open all the time. The best
way to test a ball type float for a leak

is to immerse it in very hot water. Do
this very gradually so as not to disturb

the water; the air on the inside of the

ball on becoming heated will expand
and come from any leak that may be
existent in the ball. To solder a pin

hole, the ball must be preheated.

One of the most difficult repair
jobs is the calibration of the float. By
calibration is meant the level of the

float needed to close the orifice. If the

float level is too low, the unit will

short-cycle in case of a pressure con-
trol, or will give an unsatisfactory box
temperature in case of a thermostatic
control, because the area of evaporation

of the refrigerant will be reduced.

About the quickest way to test a low

side float is to mount the float in an al-

most vertical position, just enough off

vertical so that the float tends to keep

the needle pressed lightly against the

seat. Be very careful not to allow the

float to lean over to one side. Connect

the liquid line opening to a dry air line

and build up a 90 pounds per square

inch pressure in it. Put some refriger-

ant oil around the needle and seat; the

appearance of bubbles will indicate a

leak. If the needle is leaking just a

little, a light tap on the needle will

sometimes seat it firmly in its seat

and it will give satisfactory results.

Remember, however, that this sort of

repair should only be done in case one

knows that the needle has no shoulder

on it and that the seat is not too wide.

11-31. REPAIRING HIGH SIDE
FLOAT VALVES

There are three principal types of

high side float systems used in domes-
tic refrigeration. The type that uses
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the high side float located near the

cooling unit has troubles very similar

to the low side float mechanism. The

only difference one must keep in mind

is that the operation of the mechanism

is opposite to the low side float. In the

other type of high side float system,

where the high side float is located in

the liquid receiver, and where a weight

check valve is used between the liquid

line and the cooling unit, the following

troubles may be incurred. (1) As for

the float itself, the troubles are natur-

ally similar to the low side float

troubles and the methods of repair may

be considered the same. (2) However,

the weight check valve lends an addi-

tional servicing problem. This valve

may be either stuck open or stuck

closed. In the first case a decided

frosting of the liquid line will be the

indication of trouble. If the needle is

stuck closed, naturally one will get no

refrigeration and a compound gauge will

indicate a high vacuum on the low side.

Then if one cracks the fitting connect-

ing the liquid line to the weight check

valve and finds liquid refrigerant at

this point, it will show that the weight

check valve is the trouble. These valves

are very small and inexpensive and one

should replace them as often as neces-

sary; however, in case a new one can-

not be obtained, these valves may be

dismantled by either unsoldering or un-

bolting them, and the repair of the

needle and seat is similar to what has

been explained above. To test this

valve, it is best to try to force the

air backward through the valve. Be
very careful to keep the valve right side

up.

(3) High side floats are sometimes
used with capillary tubes. This com-
bination permits locating the high side
float remote from the cooling unit and
the capillary tube keeps the liquid from
frosting. In addition to the regular float

troubles, the capillary tube may be-

come clogged or moisture may freeze

it closed.

One trouble encountered in the high

side float is that overcharging will

flood the low side with refrigerant,

frosting the suction line and perhaps

the compressor base.

11-32. ASSEMBLING
REFRIGERATING UNIT

When the repairs have been made,

and the parts, after a rigorous testing

of them, are considered all right, the

problem of assembling the apparatus

to insure correct operation is very i

important. Only a careful observance

of certain fundamentals will makepos- I

sible an assembly which will assure

an efficient running unit. The four

fundamentals to be followed when in-

stalling a part of a refrigerating mech-
anism are: (1) Clean and dry the part

to be put in the system. (2) Purge and

evacuate that part of the system which

has been opened. (3) Test for leaks.
!

(4) Start and adjust the unit.

If a compressor overhaul has just

been completed, the installation of the

compressor must be very carefully

done or the repair job will be unsatis-

factory. After bolting the compressor
to the base and lining it up with the

electric motor so that the belt is in-

stalled properly, bolt the suction ser-

vice valve and the discharge service

valve to the compressor. Install the

gauges or the gauge manifold gauges

in the suction service valve, remove
the plug on the discharge service valve,

and exhaust the compressor to the out-

side until a vacuum of 25 to 28 inches

has been drawn upon the crankcase for

several minutes. Care should be taken

to guard properly against oil being

thrown from the discharge service

valve. If the compressor pumps oil, a

cloth or sponge held over the discharge

service valve opening is usually suffi-

cient. In case a gauge manifold is used
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the center opening should be led to a

container with a 1/4 in. O.D. line.

After a sufficient vacuum has been
v drawn, the compressor should be heat-

ed thoroughly with a torch in order to

expel all traces of moisture and air.

The temperature for tnij?, .should be up-

wards of 200 F. To complete the opera-

tions of putting the compressor in ser-

vice, crack the suction service valve

slightly and allow some refrigerant to

escape into the crankcase until a 5 to

30 pound pressure is obtained. Then
test very carefully for leaks. Close

the suction service valve completely

and with the discharge service valve

still closed, start the compressor and

evacuate again to a 25 to 28 in. vacu-

um. This evacuation should be to the

open air of the room or piped to the out-

side and not discharged into the con-

denser. The discharge service valve is

turned all the way in during this opera-

tion.

After the second vacuum has been
drawn, replace the high pressure gauge

in the discharge service valve; open
both the suction service valve and dis-

charge service valve all the way out,

but not far enough to close off the gauge

openings. As this is done, it is a good

policy to start the compressor again;

otherwise there might be a flow of

liquid refrigerant from the cooling unit

to the crankcase of the compressor.
This may cause a freezing condition

when starting the compressor. The
presence of liquid refrigerant may
also cause pumping of oil which may
break the compressor valves.

Because it is virtually impossible

to assemble a refrigerating mechan-
ism in the field without having some
foreign matter (dirt and moisture) get

into the system, it is highly recom-
mended that a dryer (Paragraph 20-42)

be installed in the system.
Leave the gauges attached to the

mechanism until the expansion valve

has been adjusted to the correct operat-

ing pressure and also check up on the

condensing pressure which will tell

whether the unit is working correctly.

It is desirable that the gauges be left

on for at least twenty-four hours, so
any unusual trouble may be detected.

This practice is usually not possible.

In this event, a service call should be
made within the next day or two to

check on the operating pressures, and
the general condition of the refrigera-
tor. When available, temperature and
pressure recorders may be connected
into the system for 24 hours to guar-
antee correct unit operation.

AIR PRESSURE.^jf^-^7
BLEED VALVE

-22. A method used to check an expansion valve for

leaks and for pressure setting.

11-33. INSTALLING COOLING
UNIT

In the event the cooling unit has
been removed, several important things

must be remembered during the as-
sembly in order that the apparatus
function properly. After bolting the

cooling unit back into the refrigerator

and leveling it, remove the plugs on
the refrigerant openings and attach the

liquid line and suction line to the cool-

ing unit. Be very careful during these
operations that no moisture enters the

lines. It is good practice to dry the

surfaces of the lines and cooling unit

before removing these seals.

If the cooling unit is of the dry sys-
tem, the expansion valve should be in-

stalled using a new gasket if it is of

the bolted type. This ruling should be
maintained on all refrigeration over-
hauls because it is taking a foolish

chance to use old gaskets when the in-

stallation of new ones costs so little.
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To continue with the installation,

loosen the compressor end of the suc-

tion line and crack the expansion valve

allowing some refrigerant to escape

forcing the air out of the cooling unit

and suction line. The compressor end

of the suction line should now be tight-

ened. Another method is to evacuate the

cooling unit, suction line, and compres-

sor twice to the air; the trapped air

will then be drawn out of the system.

The discharge service valve must be

' " mm
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11-23. An illustration showing the compressor evacuat-

ing both the liquid line and low pressure side to the

open air.

turned all the way in during the evacua-

tion, and the gauge plug removed, Fig.

11-23. Test for leaks with a 5 to 25 psi

pressure and test for leaks again at a

200 to 225 psi before allowing the re-

frigerant to escape into the unit.

The cooling coil may be dehydrated

more completely by heating it to a fair-

ly high temperature of (17 5-200 F.) as

it is evacuated to drive out any mois-

ture that may be present.

If a flooded system cooling unit

equipped with service valves is used,

bolt the valves to the unit, open the

suction valve, and evacuate to the out-

side. Crack the liquid line valve, test

for leaks, and evacuate again. This will

clean the system of air. Close the com-

pressor exhaust opening, open the cool-

ing unit liquid valve, and the unit is

ready to operate. In a case in which

the cooling unit is not equipped with

valves, the liquid receiver service

valve must be used as the purging

valve.

11-34. INSTALLING EXPANSION
VALVE

Mount the expansion valve and eva-

cuate the liquid line, the cooling unit,

and the suction line. Test for leaks

carefully by purging and then evacuate

again. Close the expansion valve, open

the liquid receiver valve, start the

compressor, and adjust the expansion

valve to the correct low pressure. If

the expansion valve is left open when

the liquid receiver service valve is

opened, the compressor crankcase will

be flooded, lengthening the time of the

service call unnecessarily.

11-35. INSTALLING FLOAT
VALVE

Install the float valve, evacuate,

purge, and then test for leaks. Evacu-

ate again and then seal the compressor,

open the liquid receiver service valve

and start the compressor. Be sure that

there is some oil in the float valve or

the float will not be adjusted right

(one-quarter pint of oil is usually suf-

ficient).

11-36. SUMMARY OF
REFRIGERATOR
MECHANISM REPAIRING

If the above instructions have been

studied carefully, the student should
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recognize the following important
things

:

1. It is necessary to remove the

v refrigerant from that part of the mech-
anism to be overhauled;

2. It is necessary to equalize pres-
sures in the unit beforejdismantling or
there will be a rush of air into the unit

or of refrigerant out of the unit upon
breaking the lines.

3. It is necessary to plug all re-

frigerant openings immediately after

dismantling.

4. It is necessary to put in new
gaskets wherever they are used.

5. It is necessary, upon reassem-
bling, to remove all the air and mois-
ture from the lines and whatever part

that has been open to the air; this may
be done both by evacuating and purging.

6. To remove any part of the sys-
tem it necessitates the closingthe clos-
est valve between that unit and the li-

quid receiver tank, and evacuating the

unit by means of the compressor into

the condenser and liquid receiver tank.

If more than one method is available

to do the operation, the best one natur-
ally is the one that can be done in the

shortest possible time because linger-

ing on the job only adds to the incon-

venience of the people in the residence
where the work is being done. Always
remove any tedious task to the shop to

be worked on and, in the meantime,
replace the unit with a temporary unit

in order that the owners may still have
the use of their refrigerator.

11-37. TESTING FOR LEAKS

After any installation, or the re-
placement of any part of the refrigera-
tor circuit, it is absolutely necessary
that a very rigid test be made of all

the joints to make sure that they are
leak-proof. The methods of testing for

leaks vary with the different refriger-
ants used. However, they are common
in this respect: a positive pressure

(greater than atmospheric) of from 5 to

30 pounds is necessary throughout the
circuit in order that one may test for
leaks.

11-38. TESTING FOR SULPHUR
DIOXIDE LEAKS

A very efficient test for a sulphur
dioxide leak is an ammonia swab, that

is, a small piece of ammonia-soaked
cloth fastened to the end of a stick. The
ammonia must be quite strong, the

minimum strength being 26 per cent.

This is stronger than household am-
monia and one may obtain it at the

refrigeration wholesale house or at a
local drug store. Place this swab ad-
jacent to joints or places where leaks

may occur; if there is a leak, it will be
made noticeable by a thick white smoke
forming at the joint. BE VERY CARE-
FUL NOT TO TOUCH THE METAL
WITH THE AMMONIA AS IT WILL
CORRODE THE FITTINGS.

The neatest method is a double

pressure test especially if the testing

is being done in the owner's home.
First, produce a pressure of 3 to 5

pounds throughout the low pressure side

of the system and test for leaks. If one
is present this low pressure will cause
the escape of very little refrigerant be-
fore the leak is detected. Increase the

pressure up to 30 pounds and test

again. Occasionally a leak is found at

this higher pressure which is. not de-
tectable at the lower pressure. If the

service man were to test immediately
30 pounds pressure, there might be such
a bad leak present that the entire room
would become filled with the refriger-

ant before he had a chance to stop it

and it would also cause the leak of so
much of the refrigerant that the exact

source would be hard to detect. The
final test for leaks should be done at

100 to 200 psi.

The American Society of Refriger-
ating Engineers in their American Code
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specify test pressures for all refriger-

ants (Chapter 29). It is recommended

that the service man follow these pres-

sure test standards.

11-39. TESTING FOR METHYL
CHLORIDE AND
ISO-BUTANE LEAKS

If the refrigerator uses methyl

chloride, the method of finding a leak

is quite different. First, all the grease

and oil must be removed from the joint

suspected of leaking; then, using a very

thick soap suds and water solution or

oil, test all around the joint for a leak.

If bubbles are formed, refrigerant is

escaping. In case the unit under test

is not hooked to the refrigerating cir-

cuit, it may be tested by submerging
it in a water bath after it is put under
a thirty or forty pound pressure. That

is, a test similar to testing leaky auto-

mobile inner tubes may be used. A
small mirror and a flash light may be
used to inspect inaccessible places.

Test all joints carefully because
even a minute leak will cause a com-
plete loss of the refrigerant in a rela-

tively short period. The halide lamp is

•yi

I 1-24. A halide torch used for testing for leaks. Note
the small acetylene cylinder, (A) the handle, (D) the air

intake, (C) and the shielded copper element (B).

(Linde Air Products Co.)

not recommended for testing for methyl

chloride leaks as the gas is explosive

in some concentrations.

11-40. TESTING FOR AMMONIA
LEAKS

In the ammonia system, such as the

absorption type, two methods for test-

ing leaks may be used. One is a sulphur

candle whose flame will give a very

thick, white smoke if it comes in con-

tact with leaking ammonia, and the

other is to test with moist phenolphtha-

lein paper, which will change its color

instantly upon coming in contact with

ammonia. Both of these tests are very
rapid, convenient, and accurate. The
paper method is safer.

11-41. TESTING FOR FREON,
CARRENE, AND ETHYL
CHLORIDE LEAKS
(HALIDE TORCH)

To test Freon (F-12) F. 22, Car-
rene, or ethyl chloride, for leaks, a

good method has been devised, but it

requires special equipment. It is an
alcohol (halide) torch with a long air

intake tube. With this alcohol torch ig-

nited, pass the intake tube near the dif-

ferent joints. If some gas is leaking out

it will go up the intake tube to the

flame and give forth a brilliant green
hue, a sure indication of a gas leak. A
halide torch should be filled with al-

cohol and pumped up with air out-of-

doors or in a room in which there is

no possible chance of gaseous refriger-

ant being present; otherwise, if some
refrigerant were pumped into the torch
in charging it, it would give a continu-

ous indication of the presence of aleak
and would therefore be of no use in de-
tecting leaks in a refrigeration mechan-
ism. The alcohol used must be excep-
tionally clean as the small liquid pass-
ages are very small. To light one of

these torches, the flame chamber must
be preheated and the air intake tube
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opening stopped with one finger until

the flame is burning well.

The halide leak detection may also

v use natural gas, acetylene, or propane
as the fuel. Fig. 11-24 shows a halide

leak detector using acetylene as the

fuel. These gases may. alse be tested

for leaks by the soap solution method
or by immersion in water.

The most sensitive leak detecter is

the electronic leak detecter, Fig. 1 1 - 25.

It measures the electronic resistance

of gas samples and if the refrigerant is

in the air sample being tested the cur-

rent flow changes. The change in cur-
rent flow indicates on a milliammeter
or rings a bell.

11-42. CHARGING

REFRIGERATOR

All of the conventional compressor
type refrigerators are charged with

refrigerant in the same general way.

The easiest and most used method is

to charge into the low side of the cycle.

This may be done as follows: Turn the

suction service valve until the gauge

opening is closed. Clean the valve, re-

move the gauge plug, install a T fitting

in the service valve and fasten a low

pressure gauge to the fitting. Attach a

line from a charged refrigerant cylin-

der to the other opening of the tee fit-

ting. A gauge manifold may also be

used for this operation.

A horizontal tubing must be used

here which should be at least 4 feet

long in order to permit accurate weigh-

ing of the refrigerant. Fig. 11-26. Purge
this line as follows: leave the fittings

at the suction service valve end of the

line loose, crack the cylinder valve,

and the escaping refrigerant will re-

move the air from the line after which
the joint may be tightened. TEST FOR
LEAKS. Turn the suction service valve

all the way in, so the suction service

line is closed. Place the refrigerant

cylinder on a scale in order that the

quantity of refrigerant removed from

11-25. An electronic leak detector.

(General Electric Co.)

it may be weighed. The cylinder must
be held in an upright position while dis-

11-26. An illustration showing a setup for charging
refrigerant into the low pressure side of a system. Note

the provision for weighing the refrigerant.
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charging into the compressor. Start the

compressor, and operate it until enough

refrigerant has been removed from the

cylinder into the unit. Control the low

side pressure by opening and closing

the cylinder valve. Always keep the

pressure above a vacuum. The cylinder

may have to be warmed with hot water

to maintain a positive pressure. Never

use a torch as overheated cylinders

may explode. Close the cylinder valve

and stop the compressor after the

scales show that enough refrigerant

has been added.

Remove the cylinder by turning the

suction service valve all the way out so

the gauge opening is closed and remove

the line. The pressure in the line should

be balanced before opening the lines.

Install a compound and a high pressure

gauge and start up the unit. The gauges

will indicate whether the unit is opera-

ting correctly or not. Adjust the pres-

sures and test for leaks. Then remove

the gauges, install the plugs, and the

refrigerator is ready for use. The use

of a gauge manifold saves considerable

time on this job.

Another method of charging a re-

frigerator is to attach the line from the

charged cylinder to the gauge manifold

opening of the discharge service valve

and to drive the refrigerant out of the

cylinder by increasing the pressure in

the cylinder above the pressure in the

system. THE CYLINDER MUST BE
INVERTED.

A pressure can be built up in the

refrigerant cylinder by turning the dis-

charging service valve all the way in

with the suction service valve open and
running the unit. This will build up a

high pressure in the cylinder while the

condenser is cooling. Stop the com-
pressor, then turn the discharge ser-
vice valve out a few turns. The pres-
sure will force the liquid into the con-
denser and liquid receiver. Some ser-
vice men create this pressure by heat-
ing the cylinder. THIS PRACTICE IS

NOT RECOMMENDED.
Many service men are using dis-

posable refrigerant cylinders for ser-

vice operations. These cylinders insure

clean, and dry refrigerant and eliminate

the need to transfer from larger cylin-

ders to small ones, Fig. 11-27.

11-43. REMOVING AIR FROM
CONDENSER

After charging the refrigerator me-
chanism it is well to go back in a day

11-27. Disposable containers for refrigerants. These

factory charged containers insure clean and dry re-

frigerants.

(Eston Chemicals Div.)

or so and check the operating pressures

again, because there is a chance that

air may have leaked into the system.

Air in the system will be indicated by

an above normal head pressure even

after the unit has cooled down. It may
be removed by cracking the gauge open-

ing on the discharge service valve while

the unit is idle.

A tube fastened to the gauge opening

should be led out-of-doors to avoid re-

leasing the fumes in the house. A purge

of 10 to 15 seconds will be of sufficient

duration to remove the air if the con-

denser is cold. This complete removal

is possible because the air isnon-con-

284



SERVICING CONVENTIONAL SYSTEMS

densable; therefore it will collect in the

top of the condenser as the lower end

is sealed with liquid refrigerant. If it is

^n irritant gas, the purging line should

be run outdoors or into a sewer and

washed down with running water.

T M
11-44. TRANSFERRING

'

REFRIGERANTS

It is good economy to purchase re-

frigerants in 50-lb. and 100-lb. quan-

tities. This practice however, neces-

sitates the transferring of the refriger-

ant from the large cylinders to small

5-lb. cylinders used by service men.

The transfer of the refrigerant may be

done as follows: Invert the large drum
in a special stand and connect it to a

small drum with a horizontal tubing at

least four feet long. Purge this line and

then open both valves after placing the

small cylinder on a weighing scale.

When the small cylinder is charged with

the correct amount as indicated on the

scales, close the valve on the large cy-

linder and then carefully heat the line.

This will force the liquid out of the

line. Next, close the valve on the small

cylinder. Never allow the line to be-

come more than warm to the hand.

A charging board is the most ac-

curate means of transferring refriger-

ant. An important safety precaution

needs to be taken. When transferring

refrigerant from a storage cylinder to

a service cylinder, never fill a service

cylinder completely full of liquid re-

frigerant. This is particularly danger-

ous in cold weather since liquid re-

frigerant expands and contracts greatly

with a change in temperature. If a ser-

vice cylinder is filled completely full of

cold liquid refrigerant and then brought

into a warm room, the liquid tends to

expand and the resulting increase in

hydrostatic pressure will burst the

service cylinder with possible serious

consequences.

11-45. DISCHARGING
REFRIGERATOR UNIT
(REMOVING ALL THE
REFRIGERANT)

To discharge a refrigerator, a me-
thod is used similar to removing the re-

frigerant from the condenser and liquid

receiver which has been explained pre-

viously in this Chapter. It simply con-

sists of fastening an empty or a partial-

ly empty refrigerant cylinder to the

gauge opening of the discharge service

valve and turning the discharge service

valve all the way in to close the dis-

charge line. Test for leaks. The com-
pressor is then started which pumps
the refrigerant into the cylinder instead

of into the condenser. This operation is

speeded up by keeping the cylinder part-

ly submerged in cool water, because the

gases must condense in the cylinder in

order that the refrigerant be pumped
out. Do not let the unit pump oil as

this will make the refrigerant unusable.

Another method is to attach the cy-

linder line to the discharge service

valve and then heat the unit until the re-

frigerant has evaporated from the unit

and condensed in the cylinder.

Small quantities of refrigerant are

best discarded unless a means of dis-

tilling is available.

11-46. CARE OF SERVICE VALVES

Practically all service valves are

equipped with steel stems, which have

a tendency to rust and stick in the valve

gland. A very good method of prevent-

ing this corrosion is to fill the valve

body with refrigerant oil before replac-

ing the plug each time the service valve

is used. This oil, of course, should

be the specified refrigerant oil for that

machine. This precaution is especially

recommended for moist, damp loca-

tions.

Before turning the valve stem to any

position it is always advisable first to
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loosen the packing nut that is used as a

seal around it. This can be done by

loosening the large packing nut a half

turn or so. When turning the valve stem

it is always best that a very steady

pressure be applied to the wrench and

that the wrench fit the stem well. If a

sudden, jerky motion is used, or if the

palm of the hand is used to strike the

wrench turning the valve stem, there is

a likelihood that the stem will be twist-

ed off, necessitating replacing the ser-

vice valve.

In case a service valve is "frozen,"

or stuck, it may be loosened by heating

the body of the valve and tapping on the

valve stem.

I 1-28. A pinch-off fool for closing refrigerant lines in

cases of emergency or if fhe service valves are broken.

A. For pinching the tubing; B. For reopening the tubing.

(Duro Metal Products Co.)

When cracking the valve, always use

a fixed wrench, that is, not a ratchet

wrench; this is so the valve may be

quickly closed again if desired.

Occasionally a service valve will

be found in such bad condition as to be
useless. In this case, one can close off

the flow of refrigerant with a finish off

tool, replace the valve, and then remove
the finish from the line with the same
tool, Fig. 11-28.

11-47. ADDING OIL TO SYSTEM

When a compressor runs too warm
or is noisy and it is determined that it

is due to a lack. of refrigerant oil, there
are several methods used to add oil.

The most rapid method is to attach tub-
ing equipped with a hand valve to the
low side, that is, to the suction service

valve, and after purging the tubing im-
merse it in a glass (clean, dry) jar

nearly filled with refrigerant oil. Then
run the compressor, and after drawing
a vacuum on the low side by turning the

suction service valve all the way in,

crack the tubing hand valve; the oil will

be drawn into the crankcase. Fig. 11-

12. It is very important that some of the

oil in the glass container be left in the

container so the filling tube is

always immersed in the oil, otherwise

air will be drawn into the system

and cause trouble. The reason a glass

container is used is to enable the

service man to observe how much
oil has been added to the unit. It

is a safe policy never to add more than

a quarter of a pint of oil at a time to the

smaller units. If a gauge manifold is

used, the tube feed line will not need a

hand valve.

Another method of adding oil to the

system is to evacuate the crankcase;

then equalize the pressures, remove
the oil plug of the crankcase housing,

and add the oil. Replace the oil plug and

evacuate the compressor to the air or

into a lye solution (if it is an SO2 sys-

tem) until all the air that may have

seeped in is removed.
The oil can also be forced into the

system by putting the oil in a service

cylinder first (draw in by using an

evacuated cylinder.) Then build up a

pressure in the cylinder with refriger-

ant gas through the gauge manifold.

Invert the cylinder and by using the

low side valves the oil can be forced

into the compressor.
It is important that all parts in a

refrigerating system be absolutely

clean prior to installation in the sys-

tem. One should never breathe fumes

of any kind. Do not neglect the use of

the gas mask when working in any re-

frigerant laden atmosphere. This safe-

ty device applies to cleansing bath

fumes, soldering fumes, brazing fumes,

welding fumes, and the like. It is true
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that one's body can and will dissipate

certain amounts of strange chemicals
and fumes but some chemicals and

fumes accumulate in the body and there

may be an effect not felt for years.

GOOD VENTILATION IS OF VITAL
IMPORTANCE. >-

sparks, and the like. It must be kept

in sealed containers and in containers

that will automatically close in case of

a fire, Paragraph 12-26.

11-49. MISCELLANEOUS SERVICE
NOTES

11-48. CLEANING PARTS

Many means have been used to clean

parts of a refrigerator. Each method
has its advantages. The cleaner should

be a good moisture absorber, it should

clean off oil and grease, it should be

non-toxic, non-flammable and it should

evaporate quickly.

Carbon tetrachloride is an excellent

cleaner but is dangerously toxic.

Therefore, it must always be used in

such a way that people will never

breathe its fumes. Even breathing small
quantities of vapors may accumulate in

the body and cause illnesses.

Hand wire brushes, power wire

brushes are excellent ways to remove
scale and crusted dirt, but grease and

oil should be removed first.

Mineral spirits, a kerosene like

liquid has excellent cleaning qualities

but it is quite flammable. It must al-

ways be used in a well ventilated place.

Neoprene
Rubber Gasket Seals Tlte

Free
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tern, that is, with the direct expansion,

with the low side float, with the high

side float or with the capillary tube. The

call for service should give the first

indication of what the trouble will be;

the owner will probably say that there

is an odor, that it costs too much to

operate it, that it is not freezing but is

running continuously, or it is freezing

but running continuously, etc. From
these trouble calls the service man
may usually get a pointer as to what

the trouble is, but he should always

verify these statements by checking

over the refrigerator before attempting

any trouble shooting or service work.

The method of trouble tracing is

best learned and is best adapted to

practical work by first classifying the

type of service call and then determin-
ing what caused the trouble named in

the service call. Therefore, the follow-

ing trouble shooting pointers have been
prepared to help the service man.
Naturally, it is impossible to give every
detail, but once the service man learns

the method of trouble tracing he should
have no difficulty.

A service man should check all of

the following things in a refrigerating

mechanism before coming to a conclu-
sion as to the trouble.

1. The low side pressure
2. The high side pressure
3. The temperature of the cooling

unit

4. The temperatures of the liquid

line and of the suction line

5. The sound of the refrigerant
control (float valve or expansion
valve)

6. The running time of the mechan-
ism

7. The probability of leaks

8. Noise.

There are several basic fundamen-
tals that help make locating trouble
easier. When there is poor refrigera-
tion, or no refrigeration, either one or

both of two things can be wrong:

1. There is no refrigerant, or very

little refrigerant.

2. The pump is not moving the re-

frigerant.

If there is no refrigerant, there will

be no liquid refrigerant in the cooling

unit. A lack of refrigerant means that

the refrigerant has leaked out, or it is

being held in a certain part of the sys-

tem by clogged needles, clogged

screens, pinched lines, etc. This clog-

ging condition will cause a high vacuum
reading on the low side. If there is a

lack of refrigerant there will be a hiss-

ing sound at the refrigerant control

which will indicate the refrigerant

passages are not closed.

A hissing sound at the refrigerant

control always indicates a lack of re-

frigerant because the dry gas going

through the restriction will cause the

gas noise.

If the pump is not functioning, the

low side pressure will be above normal
and the condenser and discharge line

from the compressor will be below

normal temperature.

11-51. LITTLE OR NO
REFRIGERATION AND UNIT
RUNS CONTINUOUSLY

A. Direct Expansion System

If the unit has lost all the refriger-

ant, there is naturally no refrigeration;

to test for this, install the gauges and

determine the evaporating or low side

pressure. If this pressure is correct,

the only possible trouble is that the unit

has little or no refrigerant. If the com-
pound gauge indicates a high vacuum,
20 inches or more, it means that the

expansion valve is either so adjusted

that it draws this vacuum it is frozen

closed, or it has a clogged screen.

A clogged unit can be caused by
moisture freezing at the refrigerant

control and stopping the flow of re-
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frigerant. The results are the same as

a stuck closed needle or a clogged

screen except that after the system

warms above 32 F. at the valve this

ice will melt, and normal refrigeration

starts again. The only surerureforthe

moisture condition is to yemove the

moisture with a desicclint or dryer. If

one suspects that moisture in the valve

has caused the clogging, heat the valve

with a torch.

This moisture problem occurs with

all refrigerants that do not chemically

combine with the water, as for ex-

ample: the Freons, methyl chloride,

etc. A high vacuum may also be caused

by a suction service valve being shut

off or by a clogged or restricted suction

line fitting. In either case it is not al-

lowing refrigerant to flow through it,

and there will be no refrigerant on the

low side which naturally gives continu-

ous running with little or no refrigera-

tion on a temperature controlled unit.

This trouble will not be encountered on

a pressure-controlled unit.

If the compound pressure gauge

shows a high pressure on the low side,

that is, a pressure which will not allow

the refrigerant to evaporate at a low

temperature, the trouble may be a

stuck-open expansion valve or one that

is out of adjustment. This trouble will

have an additional indication of a frost-

ed or sweating suction line because it

simply means that the refrigerant is

going into the low side too fast and the

liquid will flood both the cooling unit

and the suction line. This high pressure
may also be due to an inefficient com-
pressor. Of course, this trouble may
also be due to a broken belt or a

sheared flywheel key, but these will

naturally be detected on the first in-

spection of the unit. If the expansion

valve is stuck open, it may be due to

dirt on the needle. To remedy, one

may flush the valve by turning the ad-

justing screw in and then alternately

opening and closing the iiquid receiver

service valve, causing surges of liquid

past the expansion valve needle, there-

by cleaning it.

B. The Low Pressure Side Float Sys-

tem (Flooded).

If the compound gauge indicates a

high vacuum, it may be due either to a

frozen closed needle valve, or to a re-

stricted suction or liquid line (clogged

screen). To determine whether it is a

frozen needle valve or a lack of re-

frigerant:

1. Stop the compressor after in-

stalling the gauges and notice the ac-

tion of the compound gauge. If it creeps

up very rapidly to almost the pressure

on the high pressure side, it indicates

that the needle valve is open; therefore,

there is a lack of refrigerant; but if

the pressures do not tend to equalize,

it means that the needle valve is stuck

closed or that the suction line or liquid

line has become clogged. The valve will

also have a steady hissing sound while

the unit is running.
If the needle is stuck closed, a sud-

den jar may loosen it. Use a rubber
hammer or shake the cooling unit.

In case there is a lack of refriger-

ant put back into the system enough re-

frigerant until the hissing sound stops

and the head pressure is normal.

2. If the compound gauge indicates a

high pressure, it may be due to a slight

lack of refrigerant, a stuck-open needle

valve, or an inefficient compressor.
It is best first to eliminate the com-

pressor by testing its efficiency and

then determine whether there is a

stuck-open needle valve or a lack of

refrigerant. To do this, flush the needle

valve by shutting off the liquid receiver

service valve and running the unit for a

few minutes. Then open the liquid re-

ceiver service valve very rapidly. Al-

low a rapid flow of refrigerant through

the needle valve orifice which may
wash out any dirt particles on the needle
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valve seat. If this does not cure the

trouble, charge the refrigerator with

some refrigerant and see if that will

cure the trouble. If this does not, it

means that the cooling unit must be

dismantled.

A rather accurate check as to

whether it is a lack of refrigerant or

a stuck-open needle valve is the frost-

ing of the suction line. If the line frosts

back excessively it means that there is

liquid refrigerant in the suction line

caused by too much refrigerant in the

cooling unit, as the result of a leaky

needle, etc. If the suction pressure is

too high, this indicates an open needle

valve. To check for an open needle

valve the compound gauge will creep up

rapidly as soon as the unit is stopped

because the high pressure tends to

equalize rapidly through the needle

valve. A lack of refrigerant will not

frost the suction line. Both of these

troubles will give a continuous hiss-

ing sound in the cooling unit although

the lack of refrigerant sound is at a

higher pitch. Of course, this may also

mean an inefficient compressor, but

that is easily checked.

A lack of refrigerant in most sys-

tems using low side floats, high side

float, or expansion valves, causes the

refrigerant to go through the liquid

line before it has completely condensed.

This gas is therefore warm and one can
detect this condition by feeling the

liquid line. If the line is warmer than

room temperature, a lack of refrigerant
is indicated (air cooled systems only).

Short cycling of the mechanism, that

is, the unit shutting down for only a

minute or two at a time is indicative

of a rapid pressure rise in the low
side. This is particularly true on the
older units which use a pressure con-
trol.

C. High Pressure Side Float (Flooded).

If the compound gauge indicates a

very low pressure, it means a lack of

refrigerant or a stuck-shut float valve.

The lack of refrigerant may be checked

by watching the pressure gauge pres-

sure when the unit shuts down, for if

the high pressure reading is below

normal it means that there is a lack of

refrigerant; but if the pressure gauge

maintains a standard pressure for

room temperature it means that the

valve is stuck-shut. Another test is to

shake the float chamber and if it is a

stuck-shut needle, this shaking may
break it loose. A clogged screen will

also give the above results. If the

compound gauge indicates a high evap-

orator pressure, it is due to a leaky

float valve or an inefficient compres-
sor. The compressor may be easily

checked for inefficiency. A high head

pressure will indicate air in the sys-

tem or restricted cooling, whereas a

lack of refrigerant will give a head

pressure below normal. A high side

float system must be purged occasion-

ally because a high head pressure, due

to air in the system, hinders correct

operation of the float. The head pres-

sure of the unit may be easily checked
as follows: for an air-cooled unit the

refrigerant will be 30 F.-35 F. warm-
er than the room if the compressor is

pumping. By using the refrigerant chart

the correct pressure may be deter-

mined.

An excessively high head pressure
may cause the high side float to col-

lapse. This causes the float to lose its

buoyancy and the high side float needle

wilLtend to remain closed at all times.

Such a trouble will be indicated by too

low a low side pressure and a complete
lack of refrigeration.

D. Capillary Tube

If the capillary tube is partially

clogged, completely clogged, if there

is moisture frozen in the tube, or if

the screen is clogged, no refrigerant
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can pass into the cooling coil. This

stoppage of flow will give a high vacu-

um reading and a normal or high head

pressure. If it is a lack of refrigerant,

the capillary tube will he noisy and the

low and high side pressures' will be be-

low normal. >"

An inefficient pump"will be indicated

by an above-normal low side pressure

and a normal or below-normal head

pressure.

11-52. NO REFRIGERATION; UNIT
DOES NOT RUN

The first trouble, and probably the

most frequent one, is a blown fuse

somewhere in the circuit, which may
be easily checked with a trouble lamp
and repaired by inserting a new fuse.

Also, the power may be shut off, which

may be easily checked by using a trouble

light; or the motor may be burned out.

An ineffective temperature control,

such as a leaky power element, which

may be checked as described in Chap-
ter 5, is also a cause of the motor not

starting. The manual switch on the

temperature control may be in the off

position or the overload circuit break-

er may be in the off position. On those

units using a low pressure control for

the motor, the trouble may be due to a

stuck-shut needle valve in the refriger-

ant circuit which would naturally draw
a very high vacuum on the suction side.

This pressure will not creep up again

as it would normally, due to a lack of

refrigerant in the low pressure side of

the system causing the pressure control

to keep the electric motor disconnected

continuously.

11-53. MOTOR RUNNING
CONTINUOUSLY AND
NORMAL OR TOO MUCH
REFRIGERATION

This trouble is due, usually, to a

faulty temperature motor control which

will not cut out at the correct temper-
ature. It must be remembered that

there is a correlation between the tem-
perature control cut-out point and the

evaporating pressure on the low side.

If the temperature control is adjusted

to cut out at a temperature correspond-

ing to a pressure lower than the eva-

porating pressure, the thermostat can-

not stop the electric motor.

A. Direct Expansion System.

If there is an undercharge of re-

frigerant in the system there may be

just enough to fill the evaporator or

cooling unit partially, but not enough to

extend to the temperature control cut-

out point and shut down the unit. In this

way one may get normal refrigeration,

but the unit will never shut down. This

trouble may be detected by checking the

frost accumulations on the exhaust tub-

ing of the cooling unit and seeing if it

reaches as far as the temperature con-

trol. A shortage of refrigerant is also

indicated by a warm liquid receiver and

liquid line.

Trouble may also be caused by an

overcharge of refrigerant or the pres-

ence of air in the condenser, because

excessive head pressures decrease the

efficiency of the compressor to such

an extent that continuous operation is

the result.

A leaky expansion valve will some-

times give normal refrigeration, but

will not allow the pressure to drop to

such an extent that the temperature

control will cut out the motor. An im-

properly adjusted expansion valve will

also give this trouble. This will result

in a frosted suction line, and an above

normal and fluctuating low side pres-

sure.

A.n inefficient compressor may also

be the cause. All these may be checked

by the use of gauges. The expansion

valve troubles and the compressor
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troubles may be checked as mentioned

previously.

B. Low Pressure Side Float (Flooded).

An undercharge or overcharge of

refrigerant will give the above trouble.

An inefficient compressor, excessive

head pressure due to air in the system,
a restricted condenser, an overcharge
of refrigerant, or a suction pressure
which is not low enough to cut out the

temperature control may give refriger-

ation but run continuously. This may
also be due to a leaky needle valve or
lack of refrigerant.

A leaky needle will cause a frost

back and it will hiss or gurgle continu-
ously. A lack of refrigerant will hiss
continuously, but it will never more
than sweat back. Also the liquid line

will be warmer than normal in the
latter case.

C. High Pressure Side Float (Flooded).

This system is very sensitive to the
quantity of refrigerant in the system.
Any variation in this quantity will result
in faulty refrigeration. Too little re-
frigerant will result in lack of sufficient
liquid refrigerant in the cooling coil and
too low suction pressure. Too much
refrigerant will result in a flooded
unit, a too high suction pressure, and
a frosting of the suction line caused by
liquid refrigerant. An inefficient com-
pressor will result in insufficient re-
frigeration.

D. Capillary tube.

In many respects the capillary tube
system behaves like the high side float
system. If there is too much refriger-
ant in the system, the excess liquid
will collect on the low side and may
enter the suction line. This excess may
prevent the compressor from produc-
ing a low enough pressure to operate

the thermostat. Therefore, the unit will

run continuously and will produce either
a normal refrigeration effect or, more
likely it may cause excessive refriger-
ation. A slight lack of refrigeration
will cause only a partially frosted cool-
ing coil and the frosted part may not be
close enough to the thermostat to cause
it to shut the motor off.

11-54. SHORT CYCLING

By short cycling is meant that the
unit runs and then stops every few
minutes. This trouble may be due to a
rapid pressure rise on the low side of

the system caused by a leak at the
float valve or expansion valve. This
leak will also cause a frosting of the
suction line.

Most units are equipped with an
overload device in the electrical unit.

If the motor becomes too hot or if the
motor consumes too much current,
these safety devices will stop the motor
and then restart it after they cool.

Occasionally, in those systems
which use a brine tank, a loss of the
brine will cause a short cycle because
of the rapid heat interchange. A tem-
perature control which is out of ad-
justment, that is, one with a very small
differential will also cause a short
cycle.

If the refrigerator has a pressure
motor control, short cycling may be
caused by either a leak in the float

valve or poorly seated compressor
valves. In either case the pressure
on the low side will rise rapidly dur-
ing the off part of the cycle causing
the motor to start.

Machines equipped with a high side
pressure safety control will sometimes
short cycle if the condensing pressure
becomes too high because of a high
condensing temperature.

11-55. NOISY UNIT

There are three principal sources
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of noise: the compressor, the electric

motor, and the mounting of the com-
plete condensing unit. A compressor is

noisy when the valves, the piston pin,

the connecting rod, and piston have be-

come worn or if it pump's oil. Some-
times when the compressor gets very
warm, it will develop knocks which are
usually rather hard to remedy.

The metal shaft seal used on most
of the conventional compressors oc-

casionally becomes very noisy and

emits a very shrill squeak. This is in-

dicative of a lack of oil, at the seal,

and, if not remedied immediately, will

soon score the seal and naturally cause

a leak at that point.

The electric motor will give noise

trouble due to a fan roar, squeaky

bearings, or an armature rumble. Oc-
casionally, if the motor is loaded too

much the repulsion start does not cut

out and will result in a continuous

noisy operation. If this trouble is al-

lowed to continue, the motor will burn
out in a very short time.

End play in an electric motor is

necessary, but an excess will cause
a dull knock.

A belt noise may be due to a very
dry belt or pulleys that are out of line.

It may be remedied by using soap or
some other substance recommended for

belts and by lining up the pulleys. Do
not use oil. Sometimes the whole mach-
ine unit will vibrate excessively, pro-
ducing a rumbling sound as the unit

runs and shaking the cabinet disagree-
ably. This is due to improper mounting,

such as the wrong rubber suspension or
spring suspension; it may be due to not

enough play in the suction and liquid

lines, or some obstruction may have
been put in the compartment which
destroys the action of the shock and
the noise absorbing spring mounting of

the condensing unit.

An excessive head pressure will

make a unit vibrate more than normal.

A badly worn needle or seat in an

expansion valve will sometimes make
a chattering noise while the unit is in

operation.

11-56. IMPROPER REFRIGERATION
BUT UNIT FREEZES
ICE CUBES

When the box temperature is over
50 F. and the unit still will form ice

cubes, the trouble is either in the ex-

cessive frost accumulation on the cool-

ing unit or restricted air circulation

in the box. This trouble is also indica-

tive of a poorly insulated box, but this

is very seldom the case, due to modern
insulation practice.

If there is an excessive frost ac-

cumulation on the cooling unit, or if it

is a restricted box circulation follow

the rules as set forth in Chapter 9. It

is possible to crowd the refrigerator

cabinet with food and at the same time

leave the drip pan below the cooling

unit. The box will not operate success-

fully under these conditions and it is

very important that this be thoroughly

understood by the owner.

11-57. REVIEW QUESTIONS

1. What trouble is indicated by a
hot liquid line?

2. What is the size of the service
valve stem wrench?

3. Why must dry air be used to
test the controls for leaks?

4. What does a pounding sound in

the compressor, when a vacuum
is being produced, indicate?

5. Give several reasons why a gauge

installation must be tested for

leaks.
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6. Why must a leak testing torch

be charged and pumped up out

in the open air and not in the

same room in which a refrigera-

tor is located?

7. What are service valve packings

made of?

8. List the procedure followed in

lapping an exhaust valve seat.

9. What trouble results in a 110

pounds per square inch head

pressure in an air-cooled sul-

phur dioxide system?

10. A frosted suction line with an

excessive low side pressure is

the indication of what trouble?

11. In what part of the system is the

compound gauge usually install-

ed?

12. In what part of the system is the

high pressure gauge usually in-

stalled?

13. Why must the pressures be bal-

anced before a system is open-

ed?

14. What should the average low side

pressure be for Freon 12, opera-

ting at 15 F. coil temperature?

15. What should the average high side

pressure be for Freon 12 opera-

ting in a room temperature of

85 F.?

16. What precautions should be ob-

served when filling service cy-

linders with refrigerants?

17. Why may discharge service

valves and suction service valves

be called two-way valves?

18. What four things cause trouble

in an expansion valve?

19. What difficulties may result if

moisture is allowed to collect on

the outside of the expansion valve
bellows?

20. How should a low side float ball

be tested for leaks?

21.

22.

23

Explain how to test for sulphur

dioxide leaks.

Explain how to test for methyl

chloride leaks.

What indicates the presence of

air in a condenser?

24. Name two methods of adding oil

to a system.

25. In case the compressor crank-

case oil is on the high side, what

special precautions must betak-

en when removing a compres-
sor?

11-58. SERVICE POINTERS

Crankshaft seals are very liable to

leak, if the compressor has been idle

for a long time. One should turn the

compressor over by hand a few times
to allow oil to seep between the rubbing
metal surfaces. One should also put an
ounce of one of the special refrigerant

detergent oils into the crankcase to help

eliminate this problem.
The high side float system must be

carefully charged as an excess of

refrigerant causes frost backs while a

shortage of refrigerant causes a par-

tially frosted cooling coil.

M-30. A service charging hose holder. This is a time
saving device thai will protect charging hoses and keep
the hoses clean. This device is fastened to the back
of the gauge manifold, and the open ends of the three
hoses are sealed by threading them on these plugs.

(Madden Brass Products Co.)
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Chapter 12

THE REFRIGERATOR

SERVICE SHOP

Inasmuch as the minute details of all

refrigeration work are so important

for the safe and satisfactory operation

of the refrigeration mechanisms, a

careful study must be made of the

techniques of performing common op-

erations. Careless, inaccurate, slip-

shod work has no place in refriger-

ation. A good service man knows this

and is therefore a conscientious and

expert workman. It is the aim of this

chapter to give the necessary founda-

tion in the use of tools and the use of

refrigeration shop equipment required

for the successful installation and hand-

ling of refrigeration equipment.

12-1. THE SERVICE SHOP

The specialized refrigeration ser-

vice shop has appeared as a result of a

definite need. A typical service shop is

that maintained by large, factory-auth-

orized, service organizations, which

sell, maintain, service, and repair

equipment. They usually comprise a

completely equipped repair shop, em-
ploying one or two full-time men who
repair equipment that is brought in by

the service organizations. In most
large cities a number of independent

service men may be found who are

doing refrigeration service work as

individuals. These one-man organiza-

tions rarely have the equipment or time

to overhaul compressors or other

parts. Many larger refrigeration ser-

vice organizations also prefer not to

set up an elaborate shop equipment
which they are not able to keep operat-

ing continuously. Catering to these

service organizations, specialized ser-
vice repair shops may be found which
rebuild and repair equipment. They are

usually operated by men who are skill-

ful mechanics and who have good equip-

ment. These shops repairthe equipment
for the independent service men. Such

a shop may be termed a wholesale

repair establishment, Fig. 12-1.

The following paragraphs are meant
to offer suggestions concerning the

organization and equipment of such a

repair shop.

The purpose of the refrigeration

service shop is to repair all equipment

brought in by the service men and to

keep on hand the necessary parts,

equipment, and supplies for installing

and servicing.

The shop should be centrally located

in respect to the distribution of re-

frigerating equipment in the locality. It

should also be provided with shipping

facilities and parking space. The shop

should have some display space, or

window space, to provide an exhibit of

supplies, parts, equipment, and ser-

vices available.

12-2. SHOP EQUIPMENT

The type of work to be done deter-

mines, to a great extent, the equipment
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12-1. A typical refrigerator sales and service shop. A stockroom; B. Refrigerator storage room; C. Charging

outfit; D. Drying oven; E. Exhaust fan; F. Small parts rack; G. Tool cabinet; H. Tear-down bench and cleans-

ing bath; I. Assembly bench; J. Repair bench; K. Old parts; L. Rebuilt parts; M. Testing bench; N. Office desk;

O. Refrigerators; P. Refrigerator unit.

necessary for such a shop. One may
choose from the following list of equip-

ment the items necessary to do the

work desired. The list is complete

enough to enable one to perform almost

any manner of service or repair work.

Lathe

Arbor Press
Grinder and buffer

Air compressor
Welding equipment

Lapping blocks

Charging apparatus

Compressor testing stand

Motor testing stand

Drying oven
Float control tester

Expansion valve tester

Cold bath for thermostatic controls
Purging equipment
Oil dispenser
Storage racks for

A. Completed work
B. Rebuilt work
C. Unfinished work

Refrigerant distilling apparatus
Cleaning bath

Acid dip bath

Paint spraying booth and equipment
Assembly bench
Tear down bench
Supplies

Shop tools

12-2. A refrigeration shop lathe. This lathe can be used

to do general shop work and it can also be used to cut

open hermetic motor-compressor domes.
(South Bend Lathe Works)

12-3. LATHE

A lathe may be used for resurfacing

valve plates, for lapping crankshaft seal

shoulders, for straightening crank-
shafts, for turning motor armature
commutators, for refacing motor bear-
ings, for straightening armature shafts,

for winding tubing, for opening water-
cooled liquid receivers, and for doing

many other things. The lathe should be
a screw-cutting type with at least a

24-inch bed and a 9-inch swing, Figure
12-2. It should be provided with a

grinding attachment to make grinding
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crankshaft shoulders possible. It should

have a large face plate for mounting

hermetic domes. It should also be

^equipped with a steady rest for keeping

liquid receivers true when cutting them
open.

12-4. ARBOR PRESS

A mechanical or hydraulic arbor

press is needed to install electric

motor bearings, compressor bearings,

and hermetic dome stators. Many fix-

tures will be needed to permit full use

of the arbor press. These fixtures

should be mounted on a board near the

arbor press for easy accessibility.

12-5. GRINDER AND BUFFER

An electric grinder and buffer com-
bination may be used for conditioning

shop tools and for cleaning and polish-

ing the various brass parts of a re-

frigerating mechanism. A fine buffing

wheel can be used to clean steel and

cast iron parts such as gasket sur-

faces, etc.

All rebuilt units have a much neater

appearance if the brass work is given

a polish. A machine equipped with its

own stand is to be preferred; also a

ball-bearing motor, having a built-in

switch is desirable.

12-6. AIR COMPRESSOR

An air compressor is valuable in

the shop for many purposes: air pres-

sure is needed to test different parts of

the refrigeratingsystem upon assembly,
and to furnish compressed air for the

city gas and air torches. Air is also

needed for blowing out screens and

other parts of the refrigerating system
when cleaning them. A dehydrator

should be mounted in the suction line of

the compressor to assure that the air

which is delivered by the compressor
is dry. A moisture trap is needed in

the discharged line to receive moisture.

The air storage tank should be purged

each week. An old refrigerator con-

densing unit may be used as an air

compressor by using a large receiver.

A pressure of 125 pounds per square

inch to 150 pounds per square inch

should be maintained. The intake side

of the compressor may be used to

evacuate parts when dehydrating, or

when a vacuum is needed for testing a

mechanism. This compressor may be

used to supply air for spray painting if

its capacity is adequate. A one horse-
power compressor or larger is recom-
mended. Air pressure should never be

pressed against one's skin as it may
cause air bubbles under the skin. Also

use goggles when using air to clean

parts.

12-7. EVACUATING EQUIPMENT

Many refrigeration units are

brought into the shop fully charged or

partly charged with refrigerant. This

refrigerant must be removed from the

system before it may be dismantled.

The method of removing the re-

frigerant varies with the kind of re-

frigerant and whether or not the re-

frigerant is to be discarded or saved.

If too much refrigerant is not in-

volved, such as a domestic unit or a

small hermetic unit, it is best to dis-

card the refrigerant. However, if it is

difficult to replace the refrigerant, or

if a large quantity of refrigerant is to be

removed from the unit, it should be

saved.

When discarding the refrigerant,

one must consider whether or not the

refrigerant is toxic, irritating, flam-

mable, or if it has a high oil content.

Sulphur dioxide, for example, is a

toxic refrigerant and it is also irritat-

ing.

Basically, the purging apparatus

must consist of a securely mounted
line (copper tube) leading to the roof of
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12-3. An evacuating apparatus. A. Stand, B. Hand valves, C. Check valve, D. Oil trap, E. Purge valve, F.

Neutralizer hand valve and check valve, G. Oil trap drain., H. Neutralizer tank, I. Direct purge to roof, J.

Oil trap screen, K. Exhaust fan, L. Vacuum pump.

the shop. This line should have a shut

off valve, a pressure gauge, a check

valve, and a sediment trap. The dis-

charge end of the line should be in-

stalled in an open trap to permit slow

mixing of the refrigerant with the at-

mosphere and to catch any oil that may
be carried up the purge line, Figure
12-3. It is of great importance that

the purging bench be very well vent-

ilated, a three sided enclosure with a

hood and equipped with a large volume
exhaust fan is needed to prevent any

fumes from seeping back into the shop
proper.

12-8. WELDING EQUIPMENT
(GAS AND AIR)

The gas welding equipment needed
consists of an oxygen tank, an acetylene

tank, regulators and gauges, hose, and
a torch. This equipment will be valu-

able for soldering, brazing, and weld-

ing the various parts of refrigeration

systems. It may be used in cases of

breakage, or to reassemble liquid re-

ceivers after new water-cooling coils

have been installed. All welding tanks

should be provided with suitable sup-
ports in order to eliminate any danger

of their being knocked down. The local

code on welding should be thoroughly

understood if welding equipment is

set up and operated. Never operate the

welding outfit near the paint booth.

CAUTION: Never use oxygen, acety-

lene, or any other welding fuels, for

the purpose of developing a pressure in

refrigeration tubing, piping, or equip-

ment. Dry air or carbon dioxide are the

only safe substances to use for develop-

ing pressures in refrigeration lines.

A severe explosion is sure to result if

welding gases are used.

The electric welding equipment may
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be either A.C. or D.C. A.C. equipment

is the most popular because small units

may be purchased. However, do not pur-

chase any equipment that uses 110 Volt

feed-in as the equipment can only use

1/16 electrodes efficiently. A unit using

220 Volt feed-in is mor_§. practical as it

can use 1/ 8 in. electrodes easily. Steel,

copper, cast iron, and aluminum can be

welded successfully. CAUTION: The
welder should wear an approved arc

welding mask and wear gloves. Arc

welding is a popular way to reweld

hermetic domes.

12-9. SOLDERING EQUIPMENT
(GAS AND AIR)

The service man uses the soldering

technique for many things. The most
popular soldering outfit is the acetylene

gas and air torch. These acetylene-air

torches furnish a clean flame at a

temperature of 2500 F. With com-
pressed air, the torch flame tempera-
ture is 2500 F. to 2800 F. The acety-

lene is supplied in cylinders of 40 cu.

ft. capacity and 10 cu. ft. capacity. A
3/16 square valve stem valve is located

in the cylinder and a fixed adjustment

or variable adjustment regulator is

attached to the cylinder valve. A 3/16
in. inside diameter fabric reinforced

(red color) hose connects the regulator

to the torch. The torch is made of

brass and has a wooden handle and is

usually equipped with a shut off needle

valve. Various size tips are available

to screw into the handle and although

the flame temperature is the same for

each type, the amount of heat is greater

as the tip hole or orifice is made
larger. Figure 12-4. These torches are

used for soldering, silver brazing,

brass brazing, etc. They do not produce
a high enough temperature to do suc-

cessful welding. It is important to follow

the following safety precautions:

1. Always use the acetylene at a

pressure of 15 lbs. per sq. in. or
less as higher pressure may
cause an explosion due to the

instability of the acetylene at

higher pressures.
Always use the cylinder in a

vertical position because the cyl-

inder has a porous filler wet with

acetone in which the acetylene is

dissolved. If the cylinder is lay-

ing down while in use, some ace-
tone may flow out, causing a

dirty flame and the acetone may
grease up the regulator and
valves.

Keep the flame away from any
flammable substance such as oil,

wood, paper, paint, cleansing

fluids, methyl chloride, any bar-
rels, or cylinders which may
have contained flammable mat-
erial at one time. Use an asbes-
tos sheet or board to^ protect
surfaces that should not be dis-

colored or scorched when using

the torch.

Always light the torch with a flint

lighter, as matches or a cigarette

lighter may bring your hand too

close to the flame. Also, the

dropped match or lighter may
cause a fire. A very clever torch

now on the market is a torch with

12-4. An acetylene-air soldering and brazing apparatus.

A. Large tip and handle, B. Smaller tips, C. Soldering

tip, D. Pressure regulator, E. Hose to connect torch to

regulator.

(Linde Air Products Co.)
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a built-in flint lighter and a

spring valve that automatically

closes when the torch is dropped

or laid aside.

12-10. LAPPING BLOCKS

Lapping blocks are used to resur-

face accurately sylphon seal rings,

valve plates, switch contact points,

and valve disks. These blocks may be

constructed of plate glass. Sandpaper

blocks may be accurate enough for

switch contact points.

Plate glass lapping surfaces, using

oil and a very fine grinding compound,
should be used for sylphon seal rings.

Chapter 11. It is difficult for a beginner

to lap a surface accurately. One should

use very little lapping compound, but

considerable oil; the work should be
moved in a figure eight motion over the

block surface. The article that is being
lapped should be held between the thumb
and the index finger only; as the lapping

process advances, the article should be
turned in the fingers to compensate for

any uneven pressure that may be ap-
plied. One should use the entire lapping

surface of the block evenly; otherwise
low spots will be worn into the block
and accurate work cannot be produced.
A lapping block may be kept accurate
by occasionally lapping it on another
lapping surface. This will tend to wear
away the high spots on both the blocks.
However, for most accurate lapping,
three blocks should be used and these
blocks periodically lapped against each
other.

After the blocks have been used,
they should be thoroughly cleaned, be
given a clean oil film, and then covered
with a wood or plastic cover to protect
the surface from dust and abuse.

12-11. CHARGING APPARATUS
(SINGLE STATION)

Three types of charging apparatus

may be used.

The simplest type consists of a

stand on which a 150-pound refrigerant

drum, or cylinder, may be mounted in

an inverted position. This stand must
be so constructed that the cylinder valve

is easily accessible, Figure 12-5. A
1/4" charging line should run from the

storage cylinder to the service cylinder

as shown in Figure 12-6. This charging

line may or may not have a purging

line tapped into it. It should be approxi-

mately horizontal and at least 4 feet

long. By carefully heating the storage

cylinder slightly, or preferably by
cooling the service cylinder, the re-

frigerant may be easily transferred.

The amount of refrigerant transferred

may be determined by placing the ser-
vice cylinder on a weighing scale during
the charging operation. The charging
line must be thoroughly purged before

allowing the refrigerant to pass through
it into the service cylinder. The purpose
of the auxiliary line, which is connected
to the main charging line through a
valve, is to permit the purging of the

small cylinder into some receptacle or
outdoors. This thorough purging de-
creases the pressure in the service
cylinder in addition to removing the air

from the line, which allows charging

the service cylinder without heating or
cooling either cylinder. When connect-
ing the service cylinder to the storage
cylinder, proceed as follows:

ALWAYS WEAR GOGGLES WHEN
WORKING ON PRESSURIZED APPAR-
ATUS!

1. Place the service cylinder (B)

in a non-tilting stand on the

weighing scale (F).

2. Connect the charging line (G) to

the service cylinder (B) but leave

the connection loose at the ser-
vice cylinder.

3. Crack the storage cylindervalve
(C) very slightly and when some
refrigerant is noticed escaping
at the service cylinder connec-
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tion, quickly tighten this connec-

tion.

12-5. A metal stand used for holding large refrigerant

cylinders to facilitate transferring the refrigerants.

1 2-6. Set up for transferring refrigerants from a storage

cylinder to a service cylinder and weighing. A. Storage
cylinder; B. Service cylinder; C. Storage cylinder valve;

D. Service cylinder valve; E. Purging or evacuating valve;

F. Weighing scale; G. Horizontal tubing loop.

4. Note the reading of the weighing

scale, then openthe valves. After

the correct weight of refrigerant

has passed into the service cyl-

inder close the storage cylinder

valve.

5. Now carefully warm the charging

line to force the liquid remaining

in it in to the service cylinder.

Use the heat from one's hand or

use an electrical heating ele-

ment.

6. Close the service cylinder valve

12-12.

and disconnect the line. Plug or

cap all connections immediately.

CHARGING APPARATUS
(MULTIPLE STATION)

This system may be used the same
as the previous system but it has a

vacuum pump connected to the charging

line. The exhaust from the vacuum
pump is piped to the outdoors through a

check valve. The vacuum pump is

connected to evacuate both the charging

line and the service cylinder.

After the charging lines and the

cylinder have been evacuated, shut off

the vacuum line valve and turn off the

vacuum pump. Now open the storage

cylinder valve and the pressure dif-

ference will cause liquid refrigerant to

flow into the service cylinder until it

has become filled with the proper

weight of refrigerant.

Shut off both cylinder valves. Open
the vacuum line valve and start the

vacuum pump. This action will remove
the refrigerant from the charging line.

A gauge mounted in the charging

line will inform one at all times what

pressures are present in the lines.

12-13. REFRIGERANT CHARGING
APPARATUS (VACUUM
PUMP AND
REFRIGERATION)

A Refrigerant Charging Apparatus

using a Vacuum Pump and a Cooling

Coil is shown in Fig. 12-7.

This popular method of transferring

refrigerants cools the refrigerant to

maintain a good pressure differential

between the storage cylinder and the

service cylinder. The principle of op-

eration is simple. Because the re-

frigerants are volatile which means
they evaporate and condense very read-

ily and their pressures quickly react to

temperature changes, the flow of the

refrigerant from the warm storage

cylinder can be greatly speeded if the
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refrigerant going into the service cyl-

inder can be kept cool. This cooling

may be done by inserting a cooling coil

into the charging line (B). If this cooling

unit is kept at 40 F. and as the cooled

refrigerant flows into the service cyl-

inder (D), the pressure in this cylinder

is constantly kept at a lower pressure

than the pressure in cylinder A. To

operate this system proceed as follows:

(4)

reached, stop the vacuum pump

4.

Close valves 1 and 2 and then

open valve 4 and start the re-

frigerating mechanism. Open

valve 4 and the pressure in the

storage cylinder A will now push

the cooled refrigerant in the

cooling coil C into the service

cylinder D. As this cooled re-

12-7. A refrigerant charging apparatus using a vacuum pump and a cooling coil. A. Storage cylinder; B. Cooling

coil; C. Purging line; D. Service cylinder; E. Weighing Scale; F. Refrigeration pump; S. Vacuum pump connec-

tions. L. Cylinder valve; 2. Charging panel main valve; 3. Cooling coil shut off valve; 4. Purging valve; 5. Vacuum
pump valve; 6. Vacuum pump discharge hand valve.

(1) Connect the flexible charging to

the service cylinder D.

(2) Purge the cylinder by opening

valves 3 and 4.

(3) If a vacuum is desired in the

service cylinder, close valve 3

and open valves 1, 2 and 5 and

operate the vacuum pump until

the desired vacuum has been

frigerant passes into cylinder

D, it keeps the cylinder cool

and therefore the pressure is

low.

(5) By watching the scale E, the

amount of refrigerant charged

into cylinder D can be easily

determined.

Caution: NEVER FILL THE CYL-
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INDER COMPLETELY FULL OF RE-
FRIGERANT; A COMPLETELY FILL-
ED CYLINDER WILL BURST AS IT

kWARMS TO ROOM TEMPERATURE
Another charging method is more

complicated, but is very convenient

when large quantities _pf refrigerant

are to be handled. It eliminates the

necessity of weighing the cylinders

when charging. The device is called a

charging board. It uses an intermediate

drum, having a reinforced glass liquid-

level indicator built into it. Figure 12-8.

The intermediate drum is permanently
connected to the 150-pound storage

cylinder (A) by means of a copper line

and a shut-off valve; it is then filled

with the refrigerant. The level of the

refrigerant is indicated in the glass

sight level gauge (L) which is cali-

brated in pounds of refrigerant. When
a small cylinder is to be charged, the

cylinder is attached to the intermediate

drum at C and the connecting line is

purged. After the cylinder is cooled,

the opening of the necessary valves

will allow the refrigerant to flow from
the intermediate drum to the service

cylinder. The amount being charged into

the cylinder is indicated by the weight
scale mounted on the liquid level gauge.

12-14. OIL CHARGING
APPARATUS

A shop should have some device to

quickly feed oil into compressors or
complete units. These oil charging
devices should connect to large volume
refrigerant oil containers to save on the

first cost of oil. This system must be

kept exceptionally clean and dry.

At least two grades of oil are
needed in the shop. Oil of 150 Sayboldt

vicosity is needed for systems using
sulphur dioxide refrigerant while oil of

Sayboldt viscosity of 300 is used for

Freon 12, Freon 22, and methyl chlor-
ide.

Special service devices are on the

market which may be used to charge

either refrigerant or oil into the con-
densing unit, Fig. 12-9.

It is to be recommended that the

quantity of oil added should conform to

the compressor and to the amount of

oil recommended by the manufacturer
of that unit. Many times this informa-
tion is not available, especially if

12-8. Method of transferring refrigerant from a storage
cylinder to a service cylinder by means of a charging
board. A. Storage cylinder; B. Charging control valve;

C. Connection to unit or cylinder to be charged; D.

Evacuating pump; E. Purging line; F. Compound gauge;
G. Disconnecting valve; H. Pump discharge; I. Pump
control valve; J. Purge control valve; K. High pressure

gauge; L. Liquid level sight gauge; M. Charging cylinder

control valve; N. Storage cylinder valve.

s

12-9. Portable charging station equipped with vacuum
pump, a refrigerant cylinder, a graduated glass tube

and valves. It can also be used for charging the system

with oil.

(Airserco Mfg. Co., Inc.)
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12-10 A compressor testing stand made of '/4 -in. x I "A-in. t MA-in. welded angle irons. A. %-in. slots; B.

5/16-in. bolt; C. Oil catch pan; D. Electric motor.

working on obsolete models. A gen-

erally satisfactory method of charging

a compressor with oil that will result

in the correct quantity of fresh re-

frigerant oil of the proper grade is as

follows: run the compressor, allowing

the oil to be drawn into it, when the

compressor starts throwing oil vapor

out of its discharge opening, it is an

indication that enough oil has been

added.

12-15. COMPRESSOR TESTING
STAND

Compressors should always be

carefully tested after being overhauled

and before being put in service. Com-
pressors must be run-in for a number
of hours after new bearings have been
installed. In order to facilitate and run-
ning-in compressors, a compressor
test stand should be used. This con-
sists of a steel bench with some
flexible means of clamping different

size compressors to it. Some test stand
tops have grooves which make a very
flexible clamping arrangement pos-
sible, or the top may be drilled and
tapped with a large number of holes in

a definite pattern to enable clamping
arrangements to be attached. The motor
used for driving compressors on test

should be 1/2 H.P. or more. Com-
pressors on test must be driven at a
speed corresponding to the normal

operating speed. This necessitates an

arrangement of pulleys whereby vari-

ous compressor speeds may be obtain-

ed, a variety of belt lengths will be

found necessary to test various types

of compressors, Figure 12-10. If pos-

sible all compressors, after being

overhauled, should be run in on this

stand from 8 to 2 5 hours before going

into service.

They should also be tested thor-

oughly to determine their operating

characteristics. The best test is to

determine the quantity of gas the com-
pressor will pump under normally
operating low and high side pressure.
This is rather difficult to determine
because of the elaborate set up of flow

C_) cm

d Don

12-11. A universal flange connection.

meters, regulating valves, and other
instruments required. The exact
method of doing this varies with vari-
ous manufacturers. No uniform pro-
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cedure can be specified here. Most
methods depend upon the time re-

quired to develop a specified air pres-

sure in a tank of a specified size.

Some compressor test stands use
an electric motor drive mounted on a

swing base. The weigfvt of the electric

motor automatically produces the cor-

rect belt tension. The lines for connect-

ing the gauges to the suction opening

and the discharge line to the com-
pressor are usually flexible lines and

they are connected to the compressor
by means of universal flange connec-
tions, Figure 12-11.

A fair estimate of a compressor's
efficiency may be easily obtained by
determining how high a vacuum the

compressor can produce when operat-

ing against its normal head pressure.

The time required for the compressor

12-12. Motor testing torque arm and pulley. A.

5/16-in. wing nut and bolt; B. Reamed holes for various

sized shafts; C. Spring.

to draw a high vacuum is also an
indication of its pumping ability. If the

valves and pistons are in good con-
dition, a compressor should maintain
this vacuum after it 'has stopped.

The compressor crankshaft seal

may be checked by sealing the low side

of the compressor and running the

compressor with an 18-inch length of

1/4-inch copper tubing connected to the

discharge service valve. The free end
of this tubing should be inserted in a

bottle, half full of refrigerant oil.

While the compressor is pumping the

vacuum, bubbles will come out of this

tubing. If the bubbles continue to come
out of the tubing, they indicate a seal or
low side leak. After the highest pos-
sible vacuum has been reached, no
more bubbles should come out of the
tubing. To establish the source of the

leak definitely, put oil around the seal

as the compressor runs; if the seal is

leaking, the oil being sucked into the

seal will momentarily stop the leak,

and the compressor will cease to pump
bubbles. This definitely locates the leak

at the seal. A good compressor should

be able to produce 22 to 24 inches of

vacuum against its normally operating

head pressure and maintain it.

A compressor testing stand may
also be used to charge a compressor
with oil.

12-16. MOTOR TESTING STAND

Electric motors, when in need of

repair, are usually taken to a whole-

sale electric motor repair shop to be

overhauled. However, many of the re-

frigeration service companies prefer to

repair as many of these motors as

possible. In case re-winding the motor

is necessary, this should be done in a

shop equipped for this kind of work. In

many cases when motors come in, it is

a question whether the motor should be

repaired or rewound. It is then neces-

sary to test the motor carefully to

determine its operating characteris-

tics. To do this, a torque testing stand

should be used, Figure. 12-12. This

testing stand consists of a stand and

a group of pulleys with equal diameters

to fit various size motor shafts. The

surface of these pulleys is smooth and

flat. A torque arm lined with automo-

bile brake lining is arranged to fit the

pulleys. The length of the torque arm
should be exactly one foot between its

point of support on the scales and the
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center of the motor pulley. A spring

loaded adjustment mechanism should

be arranged on the friction surfaces of

the torque arm to enable various fric-

tions to be produced between the torque

arm and the motor pulley. The extrem-

ity of the torque arm is placed either

on a spring scale or preferably on a

platform scale, Figure 12-13. The

torque arm should be balanced to pre-

vent any prior loading of the scale.

The torque arm must be level at the

time the readings are taken. The torque

of the motor can then be very accurately

checked for stall condition and full

speed load. The torque obtained in this

way may then be read directly from
the scales in pounds feet. This data, if

compared with the manufacturers tor-

que ratings, will indicate the condition

of the motor. The switch mechanisms
and brush mechanisms of these motors
may be checked by using this stand. It

12-13. Showing the use of a complete motor testing

torque arm and pulley. A. Motor; B. Torque arm; C.
Pulley; D. Weighing scale; E. Stand.

is recommended that ammeters, volt

meters, and watt meters be used to

determine the current draw of the motor
The temperature rise of the bearings
should be very carefully noted when
testing the motors. A thermometer
placed in the bearing oil reservoir is

recommended for this purpose. The
temperature rise should not exceed
72 F. above the room temperature.

Electric dynamometers are avail-
able for measuring the power output of
electric motors and they can also
motorize the motor to determine its
friction losses.

The electric meters should be in-

stalled in a panel in such a way that

push switches can put an ammeter, a

voltmeter, or a wattmeter in the cir-

cuit, Fig. 12-14.
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12-14. A wiring diagram for connecting: (a) An am-
meter and a volt meter to a motor, (b) A watt meter

to a motor.

12-17. DRYING OVEN

All refrigerating apparatus must
be thoroughly dry before being used.

Parts become moisture laden while

being repaired and should be thor-

oughly dehydrated after assembly and
after they are checked for working
ability. This dehydrating may be done
in two ways. One way is to place the

part to be dried in the drying oven,

which is an insulated cabinet using gas
burners or electric heating elements,
and heating it, Figure 12-15. The part

should be maintained at a temperature
between 200 F. and 250 F. for 24 hours
in order to dry it thoroughly. A better

method is to draw a vacuum upon the

parts to be dehydrated during this heat-
ing period. It has been found that heat-
ing periods of 8 hours are long enough
if a high vacuum is maintained. Com-
pressors should not be dehydrated with
the oil charge in the compressor.

Another method of dehydrating parts
consists of producing a vacuum on the

part to be dehydrated and then heating
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the part with a blow torch for a period

of about 15 minutes at 1 hour intervals

for at least 4 hours. Do not let the unit

* become warm enough to be uncom-
fortable to the hand, particularly parts

that are soft soldered. This latter

method is only recommended as an

emergency. To conserve energy the

drying oven floor should be the same
height as the shop benches and the

benches used to move the compressors
should be of this height and fitted with

wheels.

12-18. FLOAT CONTROL TESTER

After a float mechanism has been
repaired, it must be calibrated and

tested before being installed in a coil.

The method of calibrating a float con-

sists of adjusting it until the needle

closes with the ball on the center line.

To test a float valve for leakage, one

of two methods may be used. The liquid

line connection to the float valve may
be attached to a high pressure, dry air

line and the float mounted in such a

position that the float presses the

needle lightly against its seat. Oil

placed around the valve will show the

bubbles coming through if the needle

is leaking. Sometimes a small leak may
be remedied by holding the float valve

in such a position that the needle

presses against the seat, and then tap

lightly upon the needle with a light

hammer. Some companies prefer to

check float valves by mounting the

float on a special stand; and with the

aid of a pulley and weight system,
impose a lifting force on the ball,

equivalent to the lifting force imposed
upon it when it is immersed in the

refrigerant. The needle and seat are

12-15. A gas heated drying oven with an automatic tem-

perature control. A. Compressor; B. Automatic gas con-

trol; C. Chimney for exhaust fumes; D. Door; E. Ther-

mometer.

12-16. A low side float valve testing stand. A. Dry
air tank; B. Valve; C. Swing joint; D. Float header; E.

Float ball; F. Liquid.

then tested for leaks using the dry air
line. Other companies use an appar-
atus whereby the float valve mechan-
ism is lowered into a quantity of

liquid after it has been connected to a
dry air line. The appearance of bubbles
will indicate a leak at the needle,

Figure 12-16.

12-19. EXPANSION VALVE
TESTER

After an expansion valve has been

overhauled, the screen cleaned, the

needle and seat repaired, the bellows

cleaned, and the anti-freezing solution

put in the bellows housing, the expan-

sion valve should be thoroughly tested

before being put into service. This test

consists of checking the needle, seat,

and bellows for leaks under their full

pressure range. To test an expansion

valve, needle, and seat, one must
connect the liquid line fitting to a high

pressure dry air line, and the cooling

coil connection to a small meta] drum.
A 6 cubic inch tank is of sufficient

size. A very delicate manometer, or

pressure gauge, is connected to this
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small tank and registers positive pres-

sure and partial vacuums. This drum
must also be connected to an air pump

in order that a vacuum may be produced

on the tank after the expansion valve

has been connected to it. Figure 12-17.

Turn the expansion valve adjusting

screw all the way out and then produce

a vacuum on the tank. Allow the expan-

sion valve to remain in this condition

for 5 minutes; if the low side pressure

rises, the needle or the bellows is

leaking. Now turn the expansion valve

adjustment in slowly and note the

pressure rise with each turn of the

adjusting screw. After the screw has

been turned in a certain number of

turns, a positive pressure will be

registered in the tank. This pressure
will increase with each turn of the

screw to a certain point when the

pressure will increase uncontrolled.

This point is the critical setting of the

valve, and it should be well outside the

normally operating pressure ranges of

the expansion valve. To test the needle
for leaks after the expansion valve has
been adjusted to a 5-pound reading, one
should wait for 5 or 10 minutes; if the

drum pressure does not vary from the

5-pound setting, the expansion valve

12-17. An expansion valve testing apparatus. I. Suction
line valve; 2. Tank valve; 3. Pressure valve; 4. Pressure
release valve; A. Expansion valve; B. Air tank; C. Air
storage tank; D. Air compressor; E. Motor; F. Dehy-
drator; G. High pressure gauge; H. Low pressure gauge.

needle is holding O.K. With a 10-pound
pressure registered on the tank gauge,

test the bellows for leaks by putting

refrigerant oil around the adjusting

screw opening. Bubbles appearing here

will indicate a leaky bellows.

12-20. COLD BATH FOR
THERMOSTATIC CONTROLS

Thermostatic motor controls and
thermostatic expansion valves must be

adjusted by means of a controlled

temperature bath in order to test these

controls for operating range and con-
dition. A thermostatic expansion valve
should be tested like the expansion valve

(Paragraph 12-19), but with the thermo-
static bulb placed in an ice water bath

or in a refrigerant bath maintained
between 30 F. and 32 F. After the

12-18. A cold bath for testing thermostatic expansion
valves and motor controls. A. Refrigerating unit; B. Ex-

pansion valve; C. Brine bath; D. Thermometer; E. Insu-

lated cooling coil.

expansion valve has adjusted itself to

this temperature, it may be tested,

using the same process as in Para-
graph 12-19. Thermostatic motor con-
trols operate at ranges varying from
-20 F. for frozen food cabinets up to

temperatures of 45 F. for grocery
cabinets, etc. To produce temperatures
for testing purposes over these ranges,
the best device consists of a small
refrigerating apparatus, which uses an
automatic expansion valve connected to
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a small coil that has been immersed in

a brine solution. A thermometer well

should be suspended in the brine solu-

tion, Figure 12-18. The control bulb

of the motor control which is being

tested is then immersed in this solu-

tion; after a period of lp2 hour, during

which time the bulb temperature has

become stabilized, the mechanism may
be adjusted to the correct cutting-out

temperature, and the control adjusted to

snap open the switch at this point. The
correct cutting-in point maybe obtained

by warming the brine, by shutting off

the refrigerating unit, by by-passing

hot refrigerant into the cooling coil,

by adding some hot water, or by using a

torch. One must be very careful to do

this slowly in order to produce even

temperatures.

A device is available that incor-

porates a refrigerant well, a container

for a glass stem thermometer and a

place to clamp the thermostat bulb or

the thermostatic expansion valve bulb.

12-21. PURGING EQUIPMENT

Often low side float coils, complete

condensing units, or complete refriger-

ators are brought into the shop, and it

is necessary to empty them of their

refrigerant before working on them.

This refrigerant may be saved if pro-

visions are available for storing and

redistilling it; otherwise it is best to

discard the refrigerant because of the

impurities in it. Refrigerants may be

irritating and charged with oil; there-

fore they cannot be discharged directly

outdoors. In all cases the oil in the

refrigerant should be carefully handled
to prevent damage to neighboring pro-
perty. Sulphur dioxide and ammonia
may be discarded by discharging them
down a tile or brick sewer drain.

Iron pipes should not be used to carry
sulphur dioxide refrigerants, while

copper tubing should not be used to

carry ammonia.

When discarding refrigerants two
precautions must be observed. The
purging line should be provided with a

check valve to prevent the backing up
of the refrigerant into the room; a
strong flow of water should be run
down the sewer while the purging is

going on in order to dissolve the re-

frigerant. Many companies cause their

purging lines to run out-of-doors and
discard both their oil and their re-

frigerant out through this line, but

trouble has resulted from this system
and, if possible, it should not be used.

A good system of discarding the re-

frigerant is to run it through a chemi-
cal which will neutralize it.

The purging stand should be hooded,

and an out-of-doors exhaust fan should

be run from this hood to take away any

accidental leaking of refrigerant from
the work shop. This fan should be

large enough to take care of the ventila-

tion for the complete shop to insure

that under practically all circum-

stances the work in the shop will not be

interrupted. The location of the fan

should be low, for most refrigerants

and their gases formed under room
temperature are heavier than air. Some
means of taking care of the oil in the

refrigerant should be provided as part

of the purging stand. This may best be

done by means of a tank into the top of

which the purging line enters. The

purging outlet line then continues from
another part of the top of the tank to

the outdoors or into the sewer. Be-

tween the two openings of the tank, a

baffle should be constructed to cause

the oil to settle out of the refrigerant

gas as it passes through the tank. The

bottom of the tank should be provided

with a hand valve to enable one to drain

the oil periodically. A check valve

should be located in the line between

the tank and the mechanism which is

being purged to prevent the backing up

of fumes into the room after the purging
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is completed. Figure 12-19.

12-22. OIL DISPENSER

It is more economical to buy re-

frigerating oil in large quantities, such

as in barrel lots. Some means must be

provided for dispensing this oil into

smaller containers or into refrigerator

machines in a manner that will keep it

clean and dry. This is best done by

I
zzi

V
m

12-19. A diagram of a purging line and oil trap. A.

Old refrigerant; B. Valve; C. Oil trap; D. Vent; E. Tile

drain; F. Oil drain; G. Check valve; H. Building wall.

a wooden cradle for the barrel to enable
mounting it on its side; a faucet may
then be screwed into the bung of the

barrel. No air openings into the barrel
should be provided, but if the oil does
not flow out, the sealed opening maybe
cracked, allowing a little air to flow into

the barrel. If an air opening is per-
manently provided, the oil will absorb
too much moisture and may cause
trouble in refrigerators in which it is

used. A record should be kept of the

amount of oil drawn from the barrel in

order to know the amount of oil in the

barrel at all times. However, the only
sure way to have prefectly clean oil, is

to obtain it, and dispense it in sealed
containers.

12-23. STORAGE RACKS

Separate stands should be provided
for completed work, rebuilt work, and
unfinished work. These stands may be

constructed of either wood or metal.

All work that is taken in should be

tagged immediately to indicate the

owner, the date brought in, and the

repairs needed. This card should also

contain space for marking the date the

work was completed and the time when
the unit was put into service. This tag

may then be filed for reference. Some-
times the drawers or shelves of these

racks are provided with holders for

cards rather than tags. The card sys-

tem permits a much neater record,

Figure 12-20.

12-24. DOLLYS AND STANDS

It is necessary to frequently move
compressors, condensing units, re-

frigerators and air conditioners around

the shop. They must also be unloaded

and loaded on trucks.

To make this movement as conven-

ient and safe as possible, the shop

should have two wheel trucks, four

wheel trucks, dollies, lift trucks, etc.

The lift truck or trucks should be

motorized to enable one man to pickup

the heavy units and load them on trucks,

stack them or move the heavy pieces

from one place to another.

Sturdy tables equipped with casters

made and at the same height as the

dehydrating oven height, etc. should be

available fortransporting refrigeration

equipment to various stations in the

shop.

12-25. REFRIGERANT
DISTILLING APPARATUS

As previously mentioned, used re-

frigerants should be discarded because
of the oil and impurities dissolved in

them. However, if the amount of busi- \

ness warrants it, a distilling apparatus
may be used to cleanse, purify, and
remove the oil from the refrigerant. I

A distilling apparatus consists of five

main parts: (1) moisture removers in
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means and very cold water forthe con-

densing means.

12-26. CLEANING BATHS

When a refrigerating mechanism is

brought into a shop, it should be

thoroughly cleaned. The cleaning tank

should consist of a large galvanized

tank having a fine mesh screen located

approximately an inch above the bot-

tom. The tank should be partially filled

with cleansing liquid. Paint brushes

help clean the parts; a wire brush may
also be used, Figure 12-22. A high

pressure air jet may be used to clean

otherwise inaccessible parts.

After being cleaned, the parts should

be rinsed and then placed upon a drying

12-22 A cleaning bath and rack for refrigerator parts.
A. Screen; B. Wood or metal slats; C. Brush holder and

small parts holder; D. Venting hood.

rack located above the bath. Because of
the fire hazard, GASOLINE OR
NAPTHA SHOULD NEVER BE USED IN
CLEANING TANKS. Carbon tetrachlor-
ide cleaning tanks should be vented
outdoors, as the fumes are very toxic.
The fumes are harmful to the kidneys,
liver and the brain and the effects are
accumulative. NEVER BREATH CAR-
BON TETRACHLORIDE FUMES. A new
supply of cleansing liquid should be
used every day, or more often, depend-
ing upon the amount of work done.

An economical arrangement consists

of the use of two tanks. The first tank,

containing the dirtier fluid, is used for

the first cleaning; and the other tank,

which contains clean fluid, is used for

the final cleaning and rinsing. It is best

to check with the local Fire Department
and Industrial Hygiene Department be-
fore using a cleaning agent.

12-27. ACID DIP BATH

Many brass parts of the refrigerat-

ing system such as fittings, nuts,

service valves, etc., become discolored
and greasy after a period of use. When
such a mechanism is brought into the

shop, it is usually desirable to clean it

and to make it look like new. A buffing

wheel may be used for this purpose, but

many crevices and corners are in-

accessible to the wheel. A quantity of

dilute sulphuric acid in an earthen-
ware crock, which is covered with a
wood plate is a very good cleaner for

brass parts. Attach the parts to be
cleaned to a wire or put them in a
perforated earthenware dish; then im-

*—fF^

12-23. An acid dip bath for chemically burnishing brass

refrigerator parts. A. Acid; B. Water and soda; C.
Drain basin; D. Trap.

merse in the acid for two or three
minutes. The operator should wear
rubber gloves, apron, and goggles, when
using the acid cleaning bath. Brass
fittings, cleaned as above, must be
immediately rinsed in an earthenware
crock full of clean water to wash away
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the acid, Figure 12-23. The fittings will

now have a very clean appearance.

Dilute nitric acid may also be used and

it does not have to be heated. However,

it is a much stronger acid and there-

fore more dangerousz-Keep^ac id clean-

ing crocks under a"*well ventilated

hood to eliminate inhaling of the fumes.

These fumes are also very deteriorat-

ing and corrosive to practically all

metals and the apparatus should have

a hood and be vented.

12-28. PAINT SPRAYING BOOTH
AND EQUIPMENT

Duco and lacquer paints are often

used for finishing refrigerator cab-

inets and parts. A paint spraying outfit

used in a ventilated booth is the best

means for repainting these cabinets.

The old paint should be removed with

paint remover, a scraper and sand-

paper. A priming surface should then

be applied FOLLOWED WITH AT
LEAST TWO coats of the finish paint.

For excellent results, each coat should

be sanded before the next coat is

applied. The painting equipment may
also be used for repainting compres-
sors, bases, motors, receivers, etc.

12-29. SUPPLIES

The refrigeration repair shop

should have on hand a sufficient quantity

of supplies to perform adequately the

work encountered. Supplies consisting

of the following should be kept on hand:

Refrigerant

Sulphur dioxide

Methyl chloride

Freon -12

Freon -22

Refrigerant oil

150-162 viscosity

300-350 viscosity

Tubing

1/4-inch O.D.

3/8-inch O.D.

1/2-inch O.D.

Fittings

Flared

Pipe
Soldered

Valves

Valve Packing Material

Gasket Material

Cleaning fluid

Paints

White for cabinets

Black for bases and compressor
Thinner

Cap Screws (cadmium plated or

monel)

1/4-inch NF
1/4-inch NC
5/16-inch NF
5/16-inch NC

Lapping Compound
Sealing Compound
Silver Brazing Wire (45% silver)

Silver Brazing Flux

Solder 50-50
Solder Flux (non-corrosive paste)

Dehydrators and neutralizers

Activated alumina

Calcium chloride

Calcium sulphate

Silica gel

Zinc moss
Record tags

Small Acetylene Cylinders

Tape
Friction

Masking
Plastic

Electrical supplies

Wiring
Conduit

Thin wall 3/4-inch and 1-inch

Electrical

Fuses
Cartridge

Plug

The quantity of parts and the kind

and amount of supplies kept on hand

depend upon the type of work specializ-

ed in and the amount of work per-

formed. A careful record should be kept
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of the amount of stock on hand to insure

that a sufficient amount is available to

supply all needs.

12-30. SHOP TOOLS

Many common tools are necessary

to overhaul refrigerating machines ef-

ficiently. Some of the tools commonly

used in the refrigerating repair shop

are:

A complete set of adjustable ream-

ers for 1/4-inch diameter up to 1 1/2-

inch.

Straight and curved tin snips for

cutting gasket material.

A set of hollow punches varying in

size from 1/4-inch diameter to 3/8-

inch for cutting gaskets.

1 -quart blow torch for odd heating

and soldering jobs.

A halide leak testing torch.

Vises of both the pipe and straight

jaw types.

A complete set of socket wrenches
equipped with sockets varying from
3/8-inch across flats up to 1 1/2-inch.

Flywheel pullers.

A set of tube benders.

A set of fitting refacers.

Master gauges and thermometers
should be used to check the instruments
carried by the service men.

A set of adjustable end wrenches
varying in size from 6 inches to 12

inches will be found very useful for
many different purposes.

A set of pipe wrenches varying in

size from 6 inches to 12 inches will

also be found to be useful.

A welding station.

36 in. high cart with casters.

12-31. TOOL RACKS

Probably the most troublesome pro-

blem in a shop is to keep the shop

tools in their proper place or to know
where they are, and who has them

The best system developed to date

is to use a tool rack. This rack has a

definite place for each tool and a tool

check system to indicate who has the

tool when it is not on the rack.

12-32. POLICY

A very accurate record should be

kept of all work done and the amount
spent on each unit for labor and mater-
ial. Flat rate charges should be made
for compressor overhauls, expansion

valve overhauls, and for similar work.
When work is brought into the shop, it

should be marked as to whether it is to

be turned out in a definite time, "rush-
ed," or otherwise. The work upon being

completed should be reported and re-

corded in the proper places so that the

units will not be lost or misplaced. The
work may be guaranteed for thirty to

ninety days depending upon the type of

work encountered and clientele built up.
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12-24. A motor-compressor opener. This special dome
welding grinding machine will open a motor-compressor

in about twenty minutes.

(Frankell Mfg. Co.)

12-33. COMPRESSOR OPENER

A device used to remove the motor -

compressor weld by grinding is shown

in Fig. 12-24. The motor-compressor
is clamped to a turn table and the

grinding wheel grinds the weld as the

compressor slowly turns. The wheel

automatically adjusts itself to the con-

tour or shape of the weld seam, be it

round, elliptical or almost any other

shape. The machine will remove both

side welds and top welds. The opener

mechanism is housed in a steel cabinet

provided with two shatterproof windows

to enable the operator to watch the

grinding operation. Both motors of the

unit require single phase, 110 volt

power and use about 11 amperes. About

two minutes are needed to set up and

adjust the machine. The machine then

automatically grinds the weld for ap-

proximately 20 minutes (timer con-

trolled). One motor is used to operate

the turn table while a second motor
drives the grinding wheel. The machine

may be equipped with either 1/8, 1/4,

or 3/4 thickness grinding wheels.

12-34. REVIEW QUESTIONS

The answers to the following ques-

tions may be found in Paragraph 12-34.

1. Why must the refrigerants be

chemically pure?

2. Why must one be careful when
handling most refrigerants?

3. Explain the text, "Never use a

cheap refrigerant cylinder."

4. Why is glycerine considered the

ideal brine?

5. What are the two kinds of ser-

vice repair shops?

6. What may a lathe be used for in

a repair shop?

7. Describe two types of charging

stands used in refrigeration.

8. Why is an air dryer necessary

in the inlet of the air com-
pressor?

9. Describe the three kinds of lap-

ping blocks or surfaces.

10. Why must a compressor be run

at its rated speed when testing

it?

11. What is meant by "baking" a

compressor?
12. Why is an exhaust fan located

near a charging stand?

13. Why must goggles and rubber

aprons be worn when using the

acid dip bath?

14. What is the fire hazard in a

paint booth? How may it be

eliminated?
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Chapter 13

THE ABSORPTION

SYSTEM

The absorption system differs from
the compression system in that it uses

heat energy instead of mechanical en-

ergy to make a change in the condi-

tions necessary to complete a refrig-

eration cycle. This system uses gas,

kerosene, or an electric heating ele-

ment as a source of heat supply.

13-1. TYPES OF ABSORPTION
SYSTEMS

There are several usable combina-
tions of chemicals that have the prop-
erty that one may absorb the other with-
out any chemical action taking place.

The substance has the property to ab-
sorb the other chemical when cool, but
will release the chemical when heated.
If the substance is a solid, the process
is sometimes called adsorbing while if

the substance is a liquid, the process
is called absorbing.

There are two principal types of
absorption refrigerators: one utilizing
a solid absorbent material, the other
using a liquid absorbent. The liquid ab-
sorbent machine is the most popular.

These two types of absorption re-
frigerators are typified by the Fara-
day, which is a solid absorbent type
and by the Electrolux, which uses a
liquid absorbent.

13-2. THE ABSORPTION SYSTEM

Fig. 13-1 illustrates a simple ab-

sorption system. This diagram is of

the solid absorbent type and is pro-

duced for the purpose of comparison
with mechanical types of refrigerators.

The condensing coil, receiver, and

cooling coils are quite similar to those

used in the compression system. The
compressor, however, has been re-

placed by a heater or generator. The
system does not work so simply as

the illustration portrays, but function-

ing of it may be more easily followed

13-1. Elementary solid absorbent cycle.

by leaving out the various controls
that are explained in detail later.

The most appealing feature of this

system is the elimination of moving
parts down to a few valves, while cer-
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tain domestic applications have moving

parts reduced to a minimum.

Fig. 13-2 illustrates a simple ab-

* sorption system of the liquid absorbent

type.

13-2. Elementary liquid absorbent cycle. A. Generator;

B. Condenser; C. Receiver; D. Cooling coil; E. Burner;

F. Water-in; S. Water-out.

13-3. THE SOLID ABSORPTION
SYSTEM

Michael Faraday, in 1824, perform-
ed a series of experiments to liquefy

certain "fixed" gases — gases which

certain scientists believed could exist

only in vapor form. Among them was
ammonia, for it had always been re-

garded as a "fixed" gas. Faraday knew
that silver chloride, a white powder,

had the peculiar property of absorbing

large quantities of ammonia gas. He
therefore exposed silver chloride to

dry ammonia gas. When the powder had
absorbed all of the gas it would take,

he sealed the ammonia-silver chloride

compound in a test tube which was bent

to form an inverted "V." He then

heated the end of the tube containing

the powder and at the same time cooled

the opposite end of the tube with water.

The heat released ammonia vapor and

drops of colorless liquid soon began to

appear in the cool end of the tube. Thus
liquid ammonia was produced for the

first time.

Faraday continued the heating pro-

cess until sufficient liquid ammonia had

been produced for his purpose. When

this was accomplished he extinguished

the flame under the powder and pro-

ceeded to observe the characteristics

of the newly discovered substance.

A few moments after the flame had

been extinguished, Faraday began to

note a most unusual occurrence. The
liquid ammonia, instead of remaining

quietly in the sealed test tube, began to

bubble and then to boil violently. It was

rapidly changing back into a vapor, and

the vapor was being reabsorbed by the

powder. Upon touching the end of the

tube containing the boiling liquid, Fara-

day was astonished to find it intensely

cold. Ammonia, in changing from liquid

to vapor form, extracted heat and it took

this heat from the nearest thing at hand,

which was the test tube itself.

The diagram in Fig. 13-3 illustrates

the Faraday experiment.

13-4. ABSORPTION SYSTEM
CHEMICALS

Several different chemical com-
binations have been used in absorption

units.

Ammonia as the refrigerant and

ABSORBER

CHILLING

UNIT

CONDENSER

13-3. Elementary operation of the intermittent absorp-

tion cycle.

(Faraday Refrigerator Corp.)
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water as the absorbent is the most

popular.

High temperature units (air condi-

tioning) are now using water as the re-

frigerant and lithium bromide or lithi-

um chloride as the absorbent. The pres-

sure in these systems varies between 1

5

psia in the cooling coil to 1 psia in the

condenser.

One company is using methylene

chloride as the refrigerant and di-

methyl ether of tetraethylene glycol

as the absorbent. The pressures are

3psig and 24 in Hg. vacuum.

13-5. TYPICAL SOLID ABSORBENT
SYSTEM

From Fig. 13-1 the following elem-

entary cycle may be traced. Heat is ap-

plied to the generator or absorber,

which will liberate ammonia gas from
its absorbent and will increase the

pressure to the point where the air or

water cooled condenser will remove
sufficient heat from the high pressure
gaseous ammonia to reduce it to a

liquid.

The liquid refrigerant is forced

from the condenser to the receiver or
storage tank by the pressure of the

vapor entering the condenser.
After sufficient ammonia is driven

into the condenser and receiver, the

heat is discontinued and the generator
or absorber cools. When the tempera-
ture of the absorber is lowered suffi-

ciently, it begins taking back or re-
absorbing the ammonia gas. As the ab-
sorber cools it attracts the gas am-
monia molecules and as they enter the
absorber and are changed to a liquid

two things happen. First, the absorber
heats up and this heat must be removed.
Second, the pressure in the container
is reduced to the level where the liquid

ammonia can convert again to a gas at

such a low heat level that refrigerating
temperatures are produced. The ap=

paratus is so constructed that it can ob-

tain this ammonia only from the cooling

unit, which necessitates an evaporation

taking place there. From elementary

physics one knows that this will cause

the removal of heat from the cooling

unit and its surroundings, and if this

cooling unit is located in an insulated

box (a refrigerator box) that box will

be refrigerated.

As the ammonia evaporates from

the cooling unit it is replaced by liquid

ammonia from the receiver. This oper-

ation continues until the proper amount

of ammonia is reabsorbed by the gen-

erator, when heat is again applied and

ammonia is again moved to the re-

ceiver.

From the description it is seen that

the cycle is intermittent and that the

complete cycle embraces both a gen-

erating period and an absorbing period.

This cycle may be easily traced from

Fig. 13-2.

This in principle is the Faraday re-

frigerator and its cycle is explained

in detail in Chapter 14.

13-6. TYPICAL LIQUID
ABSORBENT SYSTEM

The liquid absorbent system seems
to possess some very desirable char-

acteristics. Water at ordinary pres-

sures and temperatures will absorb

great quantities of ammonia. Ammonia
absorbed in water may be easily driven

from the water by the addition of heat.

Also liquid ammonia has a high latent

heat of vaporization.

The Servel is a domestic refriger-

ator which is designed to operate in a

continuous cycle and has no moving
parts or valves other than to control

the burner flame. The refrigerant is

ammonia with water used as the ab-

sorbent; hydrogen gas is utilized to

create a partial pressure (Dalton's

Law, Paragraph 1-18) to allow the
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EXTERNAL

INDICES

INTERNAL

INDICES

CQ
GENERATOR

13-4. Diagram of the Servel absorption cycle I, la, lb generator, 2, 2a, 2b, condenser, 3, 3a, 3b, cooling coil,

4 absorber, 5 hydrogen reserve vessel, 6 analyzer, 7 rectifier, 8 gas heat exchanger, 9 liquid heat exchanger, 10

percolator tube, separator, 12 precooler.

(Copyright 1955 by Servel Inc.)
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ammonia to evaporate at a low pres-

sure.

In Fig. 13-4, A represents am-

monia, and H is hydrogen.

When the burner is lighted and its

heat applied through the center of the

generator, ammonia vapor is released

from the solution. This hot vapor in

part (lb) passes upward through the

percolator tube (10), and as the hot

ammonia vapor rises through this tube

it carries the solution to the upper

level of the separator (II).

Most of the liquid solution settles

in the bottom of (11) and flows through

the liquid heat exchanger (9) into the

absorber (4). The hot ammonia vapor

being light rises to the top of (11) tube.

The hot ammonia vapor then passes

downward through the center tube, into

the analyzer (6). Here any water vapor

is removed while the hot ammonia vapor
rises into the rectifier (7).

The rectifier consists of a series

of small baffle plates, surrounding the

tube. If the hot ammonia vapor still has
some traces of water vapor, it must be

removed to insure pure ammonia vapor.

The heat has at this point com-
pleted its work. For the remainder of

the cycle, the natural force of gravity

is depended upon to create circulation.

The pure hot ammonia vapor con-
tinues into the condenser (2).

The air, passing through the fins

takes out the heat from the ammonia
vapor, thus condensing some of the
vapor in liquid in (2a). This ammonia
is now in a pure state, and it flows
into the evaporator (3d).

The ammonia gas that does not con-
dense in (2b) where the rest is con-
densed drains to the upper tube or
trap.

The U-tube is the receiving and
storage compartment in the cycle where
the liquid ammonia is allowed to build
up to a predetermined level; then it

flows into the cooling coil (3a). Because
a liquid will always seek its own level,

the liquid ammonia flows by gravity

through the liquid ammonia tube and

spills into the cooling unit.

As the liquid ammonia falls into the
^

cooling unit, (3a and 3b) it forms in

large shallow pools on a series of

horizontal baffle plates. The hydrogen

that is being fed to the cooling unit

permits the liquid ammonia to evap-

orate, (Dalton's principle) at a low

temperature. During this process of

evaporation, the ammonia absorbs heat

from the food compartment of the re-

frigerator and causes the water in the

ice-cube containers to freeze. The
more hydrogen and less ammonia the

lower the temperature. The evaporator

vapor formed by the evaporating of the

liquid ammonia, mixes with the hydro-

gen. This mixture is heavier than hy-

drogen alone and moves downward
through the middle of the gas head ex-

changer (8) into the absorber (4). This

circulation is continuous in the cooling

unit. The mixed gases that pass through
the gas heat exchanger cool the hy-

drogen rising in the outer tube.

During this time a weak solution of

ammonia and water is flowing from the

generator (11) to the top of the absorber

(4) by way of the liquid heat exchanger

(9). Here it meets the mixture of hydro-

gen and ammonia vapor coming from the

evaporator by way of the gas heat ex-

changer. The weak solution absorbs the

ammonia vapor. The hydrogen is left

free; since hydrogen is insoluble in

water and is very light, it now rises to

the top of the absorber and returns to

the cooling unit by way of the gas heat

exchanger (8).

The absorber (4) has fins and is air

cooled. The cooling of the weak solution

helps it to absorb the ammonia gas out

of the mixture of ammonia and hydro-
gen. Also when the weak water solution

absorbs the ammonia gas, considerable

heat is liberated and the air cooled fins

must remove this heat to permit refrig-

eration to continue.
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The solution, now a strong solution

of ammonia and water, drops to the bot-

tom of the absorber (4) and continues

down through the liquid heat exchanger

(9).

13-5. The generation or heating interval in a typical

intermittent type absorption refrigerator.

(Perfection Stove Co., Inc.)

The liquid heat exchanger carries
the strong liquid, or refrigerant, back
to the analyzer (6) and to the generator
where it again starts its cycle.

The rectifier (7) insures that any
water vapor still in the ammonia will

condense and drain back to the analyzer.

The apparatus is a welded assembly.
There are no moving parts to wear out

and go out of adjustment. The total pres-
sure throughout the cycle is about 200

psig, necessitating a rugged construc-

tion which insures a long life.

To produce a F refrigerant in the

cooling coil the ammonia must boil at

15.7 psig, which means that the hydro-
gen must make up the remainder of the

pressure (184.3 psig). This refrigera-

tor is considered to be unique among the

domestic ones sold in the United States.

A more detailed study is made of the

Servel in Chapter 14.

13-7. KEROSENE BURNING
REFRIGERATORS

A very convenient refrigerator cy-

cle for localities not furnished with

gas or electricity is the Superfex and

Trukold cycle. The Superfex cycle is

basically the Faraday principle but

incorporates features which warrant

a description.

Ammonia is mixed with water in a

tank or generator (A) under which are

located some kerosene burners (M).

The burners are lighted and the heat

produced drives the ammonia in vapor

form out of the mixture. This am-
monia vapor is forced up a pipe (D)

and through a coil (E) which is im-
mersed in water contained in a tank

(B) on top of the refrigerator (note

arrows Fig. 13-5). The lower tem-
perature causes the ammonia vapor to

change back to a liquid at the high

generating pressure. This liquid am-
monia drops through a pipe into the

liquid receiver (C) and from here it

passes to the cooling unit (K) which

is surrounded by a brine (H). The li-

quid receiver is insulated (F) to pre-

vent this container from overcooling

the food compartment by acting as the

cooling coil. This process continues for

a relatively short time until all the

kerosene is consumed and the burners

automatically go out. As the absorber

cools to room temperature, the am-
monia will evaporate at a very low

temperature in the cooling unit be-

cause as the generator cools it tends

to re-absorb the ammonia gas, there-

by reducing the pressure and permit-

ting the liquid ammonia in the eva-

porator to boil at low temperatures.

This evaporation causes the cooling

effect on the contents of the food com-
partment which is called refrigera-

tion.
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In detail, the water in the genera-

tor (A) cools very quickly after the

burners have gone out, and as cool

water has a strong affinity for am-

monia, the ammonia vaporized in the

13-6. The cooling period in an intermittent type ab-
sorption refrigerator.

(Perfection Stove Co., Inc.)

cooling unit passes back (note arrows
Fig. 13-6) to the generator through a

connecting pipe (G) and is re-absorbed
by the water in the generator main-
taining a low evaporating pressure in

the cooling unit.

In other words, the heat from the

oil burners drives the ammonia from

the generator (A) to the cooling unit

(K) in a short time; the ammonia in

the cooling unit vaporizes and passes

back to the generator slowly over a

period of twenty-four to thirty-six

hours. The vaporization of the am-
monia in the cooling unit produces the

refrigerating effect.

For additional efficiency in unusu-

ally hot climates or for handling ex-

tra large loads, a depression (L) in

the top of the condenser tank may be

filled with water which will evaporate

rapidly and aid the cooling of the tank.

This refrigerator is also explained

in Chapter 14 along with the Trukold

and Icy-ball which are fundamentally

similar to it.

Without exception the absorption

mechanisms are provided with a fuse

plug which will release the charge

from the mechanism when the tem-
perature of the unit becomes excess-

ive 175-200 F. This device prevents

any possibility of the complete mech-
anism exploding.

An absorption refrigerator using

sulphur dioxide as the refrigerant was
produced a few years ago but did not

continue on the market. It was of the

intermittent type using silica-gel as the

absorbent material. The action was
very similar to action in the inter-

mittent types just explained. This ab-

sorption system is used on some rail-

road freight cars.
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13-8. REVIEW QUESTIONS

Name the lettered parts of Fig-

ure 13-2.

Why is the- ammonia and water

combination so popular?

What purpose does.the*'hydrogen 10

serve in the Electrolux?

What localities are especially in 11

need of the kerosene-fired in-

termittent absorption refrigera-

tors? 12

Who first discovered the absorp-

tion principle?

Why must the absorber be cooled 13

in the Servel cycle?

What is the purpose of a heat

exchanger? 14

How can burning more gas in

the Servel cycle produce more

cold?

9. Why is the storage cylinder or
receiver in the Superfex refrig-

erator insulated?

Why are these mechanisms pro-
vided with a fuse plug?

Name three substances used in

absorption refrigerators to ab-
sorb the refrigerant gas.

In absorption refrigerators, does
the liquefication of the refriger-

ant depend upon compression?
Does the generator serve any
other purpose in the Superfex?
What?
Have absorption refrigerators

using sulphur dioxide ever been
used?
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Chapter 14

ABSORPTION SYSTEMS

CONSTRUCTION FEATURES

The refrigeration systems of the

absorption type have entirely different

construction features and service oper-

ations than the compression cycle sys-

tems. In Chapter 13 the absorption

cycles are explained in detail. It is the

endeavor of this chapter to bring out

the construction features of these re-

frigerators.

14-1. DOMESTIC ABSORPTION
SYSTEMS

Absorption system domestic refrig-

erators have been marketed since the

20's. These units have several advan-

tages. They have no moving parts and

therefore are virtually noiseless. Some
do not require electricity and can pro-
vide refrigeration where electricity is

not available.

There are two types of absorption

machines; the intermittent type and the

continuous type. The intermittent type

however has practically ceased to ex-
ist. The continuous type is becoming
increasingly popular.

14-2. INTERMITTENT TYPE
ABSORPTION SYSTEMS

The intermittent absorption machine
was very popular in the 30's. The
Crosley Corp. manufactured the Icy-
Ball, the Superfex was made by the
Perfection Stove Co. and the Trukold
was sold by Montgomery Ward.

These units were operated by a

kerosene heater which when lighted

heated the generator for approximate-

ly one hour. After the burner used up

its fuel and ceased to burn, the re-

frigerator would provide excellent re-

frigeration for about twenty-three (23)

hours. Therefore, the housewife only

needed to fill and light the special

kerosene units once each day.

14-3. SUPERFEX

The Superfex refrigerator was de-

signed to produce good refrigeration

using kerosene as the source of ener-

gy. The system had the generator on

the left side of the cabinet with the

kerosene burners mounted on racks

and accessible through a small door

on the lower left side. The condenser

was immersed in a tank of water mount-
ed on the top of the cabinet.

The system used ammonia as the

refrigerant and water as the absor-

bent. Note that the cooling coil was
surrounded by a cold retainer which

served to keep the refrigerator cold

during the heating portion of the cycle.

The cycle is explained in Chapter

13. With this unit there were two pre-

cautions to be observed: The water-

cooled condenser is immersed in a

non-flowing water tank located in the

top of the box. This water level must
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SCREEN
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14-1. The Trukold cycle and burners.

(Montgomery Ward)

be kept up to the indicated level, es-

pecially just before lighting. The kero-
sene burners must be clean, dry, and

in good condition. They must be filled

to the correct indicated level and must
be in a level position when burning or
an improper flame will result. No ob-
structions should be placed over the

heating flue as this will restrict the

efficiency of the cycle.

14-4. TRUKOLD

Another kerosene-fired absorption

refrigerator was distributed by Mont-
gomery Ward. This refrigerator was
intermittent in operation; it used am-
monia and water as the refrigerant
and absorbent. A kerosene stove was
located under the box and the heating

flue was behind the box, Fig. 14-1.

Note the location of the liquid am-
monia receiver inside the insulation of

the cabinet behind and above the cool-

ing coil. This location is to prevent the

receiver from acting as the cooling

coil. The burners are mounted on racks

to make shifting of them very simple.

The water reservoir must be kept

filled to the correct depth at all times.

14-5. ICY-BALL

A refrigerator, called the Icy-Ball,

was made by the Crosley Corp. It was
an insulated box with a top door (chest

14-2. The Icy-Ball refrigerator.

model), and a portable generator and a

cooling unit, Fig. 14-2. It is the ab-

sorption type and operates as follows:

each refrigerator is provided with a

kerosene stove and a water bucket. To
start operating, place the generator

over the lighted stove and the cooling

unit in the bucket filled with cold water

for about 90 minutes. Then place the

cooling unit in the refrigerator box and

the generator out in the open air. Re-
frigeration will be obtained for about

24 to 36 hours. Fig. 14-3. An insert

in the cooling unit is provided with an

ice-tray to make ice cubes. The unit

weighs 39 pounds and is inexpensive

to operate. It uses ammonia as the re-

frigerant and water as the absorbent.
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14-6. CONTINUOUS TYPE
ABSORPTION SYSTEMS

The continuous type absorption sys-

tem has been used in the United States

since about 1927. Two systems have

been manufactured. The Servel system

14-3. The refrigerating mechanism used in the Icy-Ball

Refrigerator.

originated in Sweden and the Servel

Inc. organization has the manufactur-
ing rights. The Faraday unit was made
during the early 30's. It was not a true

continuous system but operated the

generating and freezing portions of the

cycle automatically.

The continuous absorption system
is one that can simultaneously con-
dense and evaporate the refrigerant.

14-7. THE SERVEL ABSORPTION
SYSTEMS

As explained in Chapter 13, the Ser-
vel system operates on the principle
of Dalton's Law of partial pressures.
The Servel has been manufactured in
three basic styles. The original unit
used water to cool the condenser and
the absorber. In Europe, an electric
heating element was used, while in the
United States all the units were heated
with artificial or natural gas. The
water-cooled units were produced be-
tween 1927 and 1933.

In 1934 and 1935, a secondary cool-
ing system was used in place of water

cooling. The ammonia condenser was
air cooled and the absorber was cooled

by a methyl chloride coil and the hot

methyl chloride was in turn cooled by

an air cooled condenser located just

beneath the ammonia condenser.

Starting in 1936, the secondary sys-

tem was discontinued and both the am-
monia condenser and the absorber are

now directly air-cooled. See Fig. 14-4.

14-8. THE SERVEL WATER
COOLED SYSTEM

The first absorption refrigerator to

become popular on the market was the

Servel. In both Chapters 13 and 15 the

operation and control of the Servel re-

frigerator are discussed in detail. In

Chapter 13 the cycle is discussed,

while in Chapter 15 the valves and their

adjustments are explained.

Gas is used to supply the heat ener-

gy necessary for operation, and water
is used as the cooling medium. When
connecting the refrigerator to the

sources of supply of gas and water,

valves both manual and automatic must
be installed. A manually adjustable

pressure reducing valve, a strainer,

and a manual shut-off valve are in-

stalled in the water line. A pressure
reducing valve, a manual shut-off valve,

a strainer, an automatic temperature
shut-off, a temperature control, and a

safety cut-out are installed in the gas

line to handle the gas supply to the

burner.

The Servel, besides being offered

in the domestic cabinet, is also ob-

tainable in water coolers.

14-9. THE AIR COOLED
ELECTROLUX SYSTEM

Servel, Inc. announced their second-
ary system air-cooled unit in 1933 and
continued the model with cabinet re-
finements in 1935.

The Servel air-cooled unit is charg-
ed with a small quantity of aqua-am-
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monia (distilled water and ammonia)
and hydrogen. The charge distributes

naturally in the unit; the liquid seeks

tethe lowest levels and the hydrogen and

ammonia gas fill the remaining space.

Referring to Fig. 14-4, the appli-

cation of heat at the generator, am-
monia vapor is driven from the strong

solution, is raised through the pump
tube to the weak liquid separator. Am-
monia vapor with traces of water vapor,
is driven off in the separator, leaving

the aqua-ammonia solution compara-
tively weak in ammonia (weak solution).

The hot ammonia vapor then passes
from the separator to the condenser.

When the hot ammonia vapor reaches

the condenser it is liquefied by cool-

ing. The condenser is finned, and natur-

al convection produces a steady flow of

air over it. The liquid ammonia main-
tains a level in the condenser, causing

the liquid ammonia to flow into the

cabinet evaporator. The ammonia evap-

orates and absorbs heat in the evapora-
tor.

An atmosphere of hydrogen gas,

continually sweeping the surface of

liquid ammonia in the evaporator, keeps
removing the ammonia vapor and

causes continued evaporation. The am-
monia vapor thus formed in the evap-

orator mixes with hydrogen gas, and

the mixture is made to flow through the

evaporator. The long column of heavy

gas, rich in ammonia (ammonia and

hydrogen mixture) readily overbal-

ances the short column of heavy gas in

the evaporator, thereby causing the de-

sired flow in the cooling coil. A flow

of weak solution, being returned from
the generator, contacts the ammonia
and hydrogen gas mixture entering the

absorber, and the ammonia is dis-

solved. The hydrogen being light re-

turns to the evaporator.

The heat, which is liberated by ab-

sorption of ammonia in the absorber
is carried away by air cooling. From
the absorber the strong solution is re-

turned by gravity to the generator. Con-

tinued refrigeration is merely a repeti-

tion of this cycle.

FINNED SECTION

14-5. An air-cooled Servel System which uses a kero-

sene burner as the heat source.

The refrigeration mechanism that

contains the ammonia is made of weld-
ed steel. The fins on the ammonia con-

densers are made of copper, although

the tubing is steel. The gas controls

are almost identical with those used in

the water-cooled unit (Chapter 15).

Several different types have been
manufactured. The refrigerators can

be obtained with:

1. Gas heat

2. Electric heat

3. Kerosene heat, Fig. 14-5.

Another difference in the models is

the type of generator. These genera-
tors have been made in both horizontal

and vertical models.

Fig. 14-6 illustrates a late model
Servel unit with an across the top
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freezer. The freezer inner door is

open. A phantom view of a Servel re-

frigerator with a horizontal generator

is shown in Fig. 14-7.

The units are now equipped with

automatic defrosters and some of the

units use an automatic ice cube maker.

L~v

14-6. A late model Servel cabinet. Note the across-the-
top freezer. This cabinet uses a kerosene burner that is

located in the base of the cabinet.

(Servel, Inc.)

The electrical system for the more
recent Servel units is shown in Fig.
14-8.

14-10. THE FARADAY SYSTEM

The Faraday Absorption Refrigera-
tor was built by the Faraday Refrigera-
tor Corp. It was of the solid absorbent
type. The generator or absorber as-
sembly was built as a complete unit
which is located either in the bottom
of the refrigerator cabinet, installed
remotely, as installation conditions re-
quired.

The evaporator or cooling unit was
of the plate type, and so arranged that

each ice tray came directly in contact

with a section of the cooling unit con-
taining liquid refrigerant.

The Faraday refrigerator required

a water and gas supply and employed
adjustable valves to cut down and main-
tain constant pressure in both the sup-
ply lines. As explained before, the

Faraday cycle was intermittent; there-

fore the main gas burner operated only

a portion of the time. This necessitated

a constant pilot burner and suitable

control devices to open and close the

gas supply to the main burner at the

proper time.

14-7. A Servel refrigerator showing the installation of

a horizontal generator unit.

(Servel, Inc.)

14-11. THE GENERATING PERIOD

As in the original Faraday experi-
ment, the gas burner forced the am-
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SERVICE CORD

MAIN
TERMINAL BOX
CONNECTIONS

ICE MAKER
SWITCH BOX
CONNECTIONS

ICE MAKER
TERMINAL BOX
CONNECTIONS

f*5

LIMIT SWITCH

38
ICE MAKER MOTOR

14-8. The electrical circuits on the Servel. This model has both automatic defrost and automatic ice cube maker.

monia over to the other portion of the

system, but the method of transferring

the refrigerant was more involved than

in the original setup.

First of all, in order to give a uni-

form heat application to the ammonia
in the absorber generator, a steam
bath of a low boiling temperature
liquid, called F-ll, was used.

From the illustration it may be
seen that as this vapor became heated,

its pressure rose; as the valve in this

vapor circuit was closed, the vapor was

locked in the chamber constructed

around the ammonia absorbent.

As this vapor heated the heat was
transferred to the absorbent powder,
released the ammonia in gaseous form,
which passed up into the water-cooled

condenser. From here the ammonia
passed on through the liquid line to

the cooling unit, where it was stored.

However, because ammonia gas

condenses at the coolest point of its

circuit, a provision had to be made so
the condensation would take place in
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the condensing unit rather than in the

cooling unit, which was naturally very

cold, being inside the refrigerator box.

All that was necessary was a pres-

sure-controlled needle valve in the

ammonia line which would prevent the

ammonia from seeping into the cooling

unit until its pressure has reached that

point where it was condensable at the

temperature of the cooling water. When

this pressure was reached the valve

would open and allow the condensed

ammonia to collect in the cooling unit.

14-12. ABSORBING PERIOD

After all of the ammonia had been

driven into the cooling unit, some

method had to be employed to shut off

the gas burner. The method used was

very simple.

When all of the ammonia had been

driven from the absorber there was

nothing to remove the heat applied to

the absorber and naturally the vapor

surrounding the absorber became hot

and developed a higher pressure. This

pressure operated upon the F- 11 vapor

valve and when it had become high

enough forced it open, shutting off the

gas supply and allowing the F- 11 vapor

to recirculate.

The opening of this valve naturally

caused a great drop in the F-ll pres-
sure and due to its original spring

pressure it tends to close. This, how-
ever, was prevented by a trip arrange-
ment and lock.

It will be noticed from the main
diagram that the absorber heating med-
ium, the F-ll, was so circulated that

it came in contact with the condensing
water. When the vapor valve was open-
ed and this heat transfer gas allowed

to recirculate, the absorber became
surrounded immediately with a cold

fluid. This caused a very rapid drop
in the temperature of the ammonia ab-
sorbent in the absorber, which natur-

ally put this absorbent in a position to

reabsorb the ammonia driven away

from it. This it did as rapidly as it

could. If it were allowed to reabsorb

the ammonia uncontrolled, a very low

temperature would be achieved in the

refrigerator box.

However, this was prevented by the

temperature control unit and storing

unit as illustrated. This unit operated

as follows: It had a valve bellows and

a spring tension manually adjusted

which allowed the evaporated ammonia
gas in the cooling unit to go back to the

absorber and be reabsorbed only after

the gases reached a certain pressure

corresponding to the freezing tempera-

ture desired in the cooling unit.

When this pressure had been reach-

ed, it overcame the spring tension on

the bellows; the valve opened and then

closed again after the pressure had

dropped.

Because this valve was manually

adjustable, a temperature ranging from
about F. to 20 F. was obtainable in

the cooling unit. This continued until

the generator had reabsorbed as much
ammonia as possible after which the

pressure in the absorber approached

the pressure of the cooling unit.

When this condition was reached it

was desired that the gas valve be re-

opened. This was accomplished by in-

stalling a pressure bellows valve in the

ammonia line, which was attached to the

trip arrangement on a combination gas

and F-ll vapor pressure valve.

This was designed so that, as pres-

sure rose in the line located between

the temperature control valve and the

absorber, the bellows contracted and

tripped the gas valve arm, which was
already under spring pressure. It re-

opened simultaneously with the closing

of the vapor valve which was attached

to the same arm.
From the above explanation it will

be seen that there were three liquids

used in the system--ammonia as the

refrigerant. F-ll (trichloromonofluor-
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Dmethane) which was the heat transfer

luid or bath surrounding the absorber,
ind water which was used to condense

5bth of the above liquids.

The system used about three pounds

of ammonia and two ppunds of F-ll.

These were, of course, -Aeale'd in the

system.

The temperature control valve and

the gas trip valve were also designed

as service valves. The one (tempera-
ture control valve) was used to seal the

cooling unit and the pressure trip valve

sealed the absorber generator unit.

Whenever a remote installation was
made, the chief precaution to take was
in connection with the installation of the

tubing connecting the above two valves.

This tubing had to be dehydrated, that

is, freed from water. It also had to be

very clean. After hooking up this tubing

to the two valves, it had to be sealed

tightly to the temperature control valve

and only loosely to the gas trip valve.

The temperature control valve was then

opened a little and the added tubing

purged; that is, cleared of air by the

ammonia leaking out. Then the connec-
tion of the gas trip valve was sealed.

If by chance the gas pilot light were
extinguished, by becoming clogged or

smothered, a thermostatic control at-

tached to a gas valve in the circuit

and the cooling of this thermostatic

valve tripped to shut off the gas sup-
ply.

The water supply was practically

continuous, because part of the time
it was used to cool the ammonia vapor
and the remainder of the time to cool

the heat transfer fluid. However, the

amount of water flowing was so con-

trolled by actual requirement that the

minimum amount was used most of the

time.

The water valve was mounted on the

side of the absorber assembly at the

rear so that connections could be con-

veniently made. The inlet water en-

tered the opening (A) and passed from

the valve chamber to the condenser
past the water valve. The water then

flowed through the condenser cham-
ber, returning to the opposite end of

the water valve.

Surrounding this bellows was a

liquid which expanded and contracted

with the temperature of the outlet

water. This expansion and contraction

of liquid caused the metal bellows to

move, operating the water valve. Any
changes of temperature of the dis-

charged water would change the ad-

justment of the valve; that is, if the

discharged water became too hot, the

water supply valve would be opened
farther or if it became too cold, the

valve would be closed more.

The gas supply was controlled by a

leather valve and the gas, before it

passed through this valve into the

burner, was passed through a filter.

A further safety feature was in-

troduced in a safety device operating

on the thermostatic strip controlling

the gas operating valve. This device

was so arranged that if the absorber

assembly reached too high a tempera-
ture, either from the failure of water

supply or any other unusual condition,

the device would trip the gas valve

and shut off the gas supply.

14-13. REVIEW QUESTIONS

1. What three substances are used

inside a Servel mechanism?
2. What was the purpose of the

F-ll in the Faraday?

3. Why was a pilot flame used in

the Faraday?
4. Why was copper tubing used in

the Faraday?
5. How was the Faraday water valve

manipulated?

6. What did the water cool during

the freezing portion of the Fara-
day cycle?

7. What two purposes did the tem-
perature control valve serve in
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the Faraday? erator?

8. What is methyl chloride used for 12. Why was the liquid receiver in

in the secondary-cooled Servel? the Trukold placed above the

9. What precautions must be taken cooling coil?

with the kerosene in the inter- ,„ , T„ .. . .

.„ ,A „ 13. What was the refrigerant used
mittent units?

, „ _ , T „ ,,

in „ . .. m the Crosley Icy-Ball refng-
10. How is the cabinet temperature «

g 1*3.xor^
adjusted in the Servel refrigera-

tor? 14. What was the purpose of the tank

11. Why are two cooling coils used on the top of the Superfex re-

on the air-cooled Servel refrig- frigerator?
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Chapter 15

^ SERVICING
•-•V; *

ABSORPTION SYSTEMS

The absorption systems differ only

in the mechanism for producing refrig-

eration. The cabinet construction is al-

most identical to the mechanical re-

frigerator cabinet and the installation

and care of these cabinets is explained

in Chapter 9.

15-1. GENERAL INSTRUCTIONS

The absorption refrigerator is a

device to move heat from the interior

of the cabinet to the outside of the

cabinet. This outside heat is trans-

mitted to the air and this air must be

removed from the vicinity of the cabi-

net to allow cooler air to receive heat

from the condensers.

Also the kerosene or the piped gas

when burned form carbon dioxide gas

(harmless) and steam vapor (harm-
less). However, to provide good air

flow past the burner, these products

of combustion must be moved away
from the cabinet. Because warm gases

rise, the absorption cabinets must have

proper air flow space beneath, in back,

and over the top of the cabinet.

Inside the mechanism the liquids

flow by gravity and the mechanism
must be properly leveled or the move-
ment of the liquids and gases inside

the unit will be uncertain.

The condensers and flues of the

unit must be kept clean to allow proper
air flow and flue gas flow. It is recom-

mended that the condensers and flues

be cleaned at least twice each year.

15-2. LOCATION OF
REFRIGERATOR

One should be careful in regards

to locating the absorption refrigera-

tor, Fig. 15-1.

1. It must be away from the sun or

any other source of heat, for econo-

mical refrigeration.

2. It must be conveniently located

indoors for efficient use.

^

K

"-»">

15-1. The proper location of an absorption refrigerator

to allow good air circulation.

(Servel,. Inc.)
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3. It must be placed in a room that

has sufficient air movement to provide

enough air for combustion and cooling.

4. It should be as near as possible

to a gas supply if piped gas is to be

used.

5. It must be mounted on a firm

floor to maintain its position.

6. It must be mounted with the unit

level to allow the mechanism liquids

and gases to flow properly. A spirit

level must be used to check for unit

level. It is more important to level

the cooling coil and the burner than it

is to level the cabinet.

15-2. An absorption system kerosene burner.

(Servel, Inc.)

15-3. AIR CIRCULATION

The air circulation is very import-
ant. Air must be able to freely enter
the burner space and the condenser
space. This same air must be able to
return to the same room. If the air is

ducted to another room or outside, air
pressure changes may seriously hamp-
er the operation of the flame.

Good air circulation can be easily
obtained by allowing at least a 2 in.

clearance in back of the refrigerator
(small spaces may be used). At least
12 in. clearance must be provided above
the cabinet to allow adequate escape of
the condenser air and combustion prod-
ucts.

15-4. INTERMITTENT SYSTEMS

The intermittent systems that use a

kerosene burner require very little

servicing. They are manual in opera-

tion and eliminate controls by having

the owner refill and light the kerosene

burner. The previous instructions

about air circulation and location of

the cabinet also pertain to the kero-

sene heated units.

15-5. PROPERTIES OF KEROSENE

The kerosene needed with kerosene

fired absorption units should be of the

highest quality. It must burn as clean-

ly as possible to eliminate fuel odors

and soot deposits in the flue. Kerosene

is a hydro-carbon and when properly

burned the products of combustion are

carbon dioxide and steam. However
those kerosenes with the higher flash

point (up near 140F) are more likely

to contain heavy carbons that may form
free carbon or soot (amorphous car-

bon) on the flue or this soot may escape

into the air. The kerosene has a heat

value of about 19,000 Btu. per pound.

15-6. KEROSENE BURNERS

The kerosene burners used in the

intermittent absorption refrigerators

are of standard construction. A circu-

lar (cylindrical) asbestos wick carries

the liquid kerosene by wetting action

up to the upper edge of the wick. The
height of the wick is adjustable. This

wick should be in good condition, that

is, it must be charred and then trim-
med to match the guides. The wick must
be perfectly level to its adjustable ring

and the complete unit must be level,

Figure 15-2.

The correct flame, a blue flame

with faint yellow tips is obtained by

first raising the wick, igniting it, and

then lowering the wick until the cor-

rect flame is obtained.

The burner must be accurately fitted

to the generator flue. The distance must
be closely adjusted. If the flame is too
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far away, the flame will not be efficient

because of excess air. If the burner is

too close there will be insufficient air
* for good combustion.

15-7. FLUES

The heat from the burners must be

efficiently transmitted into the genera-
tor. The kerosene flame and the hot

gases from it are conducted along a

flue that extends around the generator

•FINNED SECTION

i, COOLING. ' FREEZER COMPARTMENT
» COILS |.

15-3. The refrigerating system for a kerosene burning

domestic refrigerator.

(Servel, Inc.)

or through it. These flues sometimes
have spiral metal fins inside them to

make the hot gases more efficiently

give up their heat to the flue walls.

Because these flues carry the com-
bustion gases they must be kept open

or the combustion will not be complete.

The flues must also be kept clean or

much of the heat will be lost by poor

heat transmission into the generator.

The flue should be cleaned at least

twice each year. Special flue brushes
should be used for this purpose.

15-8. CABINET CARE

The cabinets are serviced exactly

like those described in Chapter 9. The
cabinet leveling devices are the same,
the door gaskets, and the door hard-
ware is much the same, the shelf ar-
rangement and design are the same.

Porcelain interiors and enamel ex-
teriors are just like the other cabi-

nets. The door gaskets can be checked
for leaks with a light bulb.

15-9. CONTINUOUS SYSTEMS

At the present time there is only

one continuous absorption system in

the domestic refrigeration field. The
Servel (or Electrolux as it used to be

called). These units receive their ener-

gy from piped gas (either artificial or
natural), bottled gas, electricity or
kerosene, Fig. 15-3.

The piped gas systems are equip-

ped with gas pressure regulators, ther-

mostats for controlling flame size,

burners and burner safety shut-offs.

There are now 56 different model
R-4000 series available for replace-

ment purposes for units dating as far

back as 1933. No units were made dur-

ing World War II 1943-44, and 45.

These units contain less than two
pounds of ammonia and use the Platen

Munters system as devised and patent-

ed by the two Swedish scientists. A five

cubic foot refrigerator unit contains

about 1 . 1 pounds of ammonia, 2 . 6 pounds

of water and 0.03 pounds of hydrogen.

The refrigerators carry two identi-

fication plates. One plate is located in

the control compartment and this one

is the cabinet identification plate. The
other plate is located in either the

frozen food compartment or the con-
trol compartment. The latter has the
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heading "Absorption Refrigerating

Unit."

The units are factory tested to 800

psig. which is about four times their

operating pressure.

Each unit serial plate has the Btu

rating of that system recorded on it.

The burner and the necessary con-

trols are about the only parts that may
need adjustment or replacement. If,

however, a unit fails to operate and the

trouble is not found to be in the burner

or controls then the entire unit should

be replaced. This is easily accom-
plished by removing the back from the

cabinet, disconnecting the gas supply

and electrical circuits and removing
the entire assembly and replacing it

with a new one.

15-10. GAS SUPPLY

The fuel most commonly used for

the absorption system refrigerators is

city or illuminating gas, although elec-

trical heating elements are sometimes
used. It must be clean fuel in order to

prevent a pollution of the burner or
deposit on the burners. The cleanerthe
fuel the less frequently the burners
have to be cleaned.

The piped gas refrigerators should
be supplied with gas under a steady

15-4. The gas line installation of an early model Servel

refrigerator.

(Servel, Inc.)

pressure and should have a special
burner for each type of gas. The gas
must be strained before being admitted

to the burners and must also have a

pressure regulator to insure an un-

varying pressure on the burner, Fig.

15-4.

It is good practice to become ac-

quainted with the local rules on installa-

tion of these refrigerators before at-

tempting to install them.

In all cases of burner difficulty,

a check should be made to determine

that the burner being used is the cor-

rect one for the gas used.

The four different gases in use as a

fuel for the Servel units are:

Artificial gas (425 to 600 Btu per

cu. ft.)

Natural gas (600 to 1600 Btu per

cu. ft.)

Liquid petroleum (LP) gas (1600

Btu per cu. ft.)

Propane gas (1600 Btu per cu. ft.)

Butane gas (1600 Btu per cu. ft.)

15-5. The "Klixon" valve and the burner used on the

older model Servel units. A. Gas in; B. Poppet valve; C.
Poppet valve stem; D. "Klixon" snap button; E. Retaining

housing; F. Klixon disk heater; G. Gas passage to the

burner; H. Manual adjusting screw for maximum gas

flame; I. Seat cap; J. Spring; K. Gas nozzle; L. Screen;

M. Screen retainer; N. Screen retainer screw; O. Burner

venturi; P. Burner cap.

(Servel, Inc.)

15-11. CONTINUOUS SYSTEM
CONTROLS

The method of heating may be by
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gas, liquid fuels, or electricity. At

present gas is the most popular, and

the method of controlling the supply

*is explained later.

Aside from cabinet care and clean-

ing, the only service (outside the fac-

tory) that may be needed on the refrig-

erator are heating controls. The ad-

justments determine the efficiency of

the unit to such a great extent that

these must be done carefully.

Heating gas valves are used in the

absorption system to enable the auto-

matic control of the amount of the heat-

ing gas.

The systems use a continuous gas

flow.

The refrigerators must have a heat-

ing gas control of some kind. The Ser-

vel being of continuous operation, has a

15-6. The secondary system air-cooled Servel ther-

mostatic gas control. B. Maximum flow valve; C. Maxi-
mum flow valve spring assembly; D. Thermostatic dia-

phragm; I. By-pass outlet; J. Body gasket sealing dia-

phragm; L. Burner lighter passage; M. Opening to

burner lighter; N. Burner lighter valve; O. Burner lighter

valve stem; P. Burner lighter valve stem; Q. Burner

lighter push button; R. Burner lighter cap; S. Gas out-

let; T. Thermostat adjusting screw; U. Thermostat
adjusting screw knob; W. Set screw; X. Diaphragm and

bulb assembly.

(Servel, Inc.)

gas volume control and a safety con-
trol. A disk valve "Klixon, " tempera-
ture-controlled by the flame itself , will

automatically close the gas supply if

the flame goes out, Figure 15-5. Abulb
pressure-temperature control located

at the cooling unit controls the amount
of gas burned according to the needs
of the refrigerator, Figure 15-6.

It is seen from the above explana-
tion that a great deal of the successful
operation of domestic refrigerators is

dependent on the functioning of the
automatic control valves; it is obvious
that the more the service man knows
of these valves and their troubles and
remedies, the less difficult the ser-
vicing operations will be.

It is also important to know about
these controls for the reason they must
always be in excellent condition in order
to give satisfactory, dependable ser-
vice. It cannot be emphasized too much
that these valves are the control board
for the refrigerator.

The Servel generally has its heat

energy supplied by a gas burner. Sever-

al different methods have been devised

for the regulation and control of this

gas. In the Servel refrigerator, be-

tween the gas main and the operation

controls of the refrigerator, are placed

a manual shut-off valve, a strainer,

and a pressure-regulating valve. As
explained previously, the Servel oper-

ates on the continuous cycle and there-

fore gas is continually being consumed.
However, to take care of variations of

demand on the refrigerator itself, the

amount of gas fired must be automatic-

ally controlled. This is done by the use

of a pressure control valve operated by

a power element located at the cooling

unit. As the cooling unit warms up, the

gases in the power element expand, and

pressing upon a diaphragm in the con-

trol valve, open the gas control, which

allows more gas to escape to the burn-

er.

The larger flame speeds up the cycle

in the mechanism and continues to speed

it up until the cooling unit has again be-

come cold enough.

As the cooling unit cools, the power
element located there will cool, reduc-

ing the pressure on the gas valve dia-

phragm. This reduction closes the heat-

ing gas opening, somewhat reducing the

size of the flame. This valve operates
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similar to a temperature controlled ex-

pansion valve. Turning the adjustment

clockwise or in, reduces the gas supply.

The Servel people have designed a

unique valve for preventing useless

waste of gas in case the flame should

be extinguished. This valve is of the

dished-button type and is thermostatic-

ally controlled, Figure 15-7. Being

located adjacent to the flame it re-

mains hot as long as the gas is ig-

nited, but if the flame is extinguished,

this disk will become cold; it is so de-

signed that if it does it will snap and

become dished in the other direction.

This movement closes a valve in the

gas line, completely shutting off the

supply of the gas. If this happens, the

only method possible of re-igniting the

gas is to heat up this "Klixon" disk in

order that it will open the safety valve

again. This may be done with a match
and a special burner push button mount-
ed on the thermostat body provided for

this purpose.

Each refrigerator has an automatic

pressure control for maintaining a con-

stant gas pressure. This valve reduces

the fluctuation in pressures which al-

ways exist in the gas mains all over
the country to a minimum. The supply

of gas must be very constant when be-

ing fed to the Servel.

15-12. CONNECTING UNIT

The gas lines must be installed ac-

cording to the local building laws,

plumbing codes and recommendations.
One should use the best materials

available; all new materials; and the

best craftsmanship.

15-8. A gas line installation for a Servel gas refrig-

erator. This installation varies as to the type generator

used.

15-7. A safety shut off valve. This valve will close the
gas line if the gas flame should accidentally be ex-

tinguished. A. Shows the valve in closed position; B.

Shows the valve in open position.

(Servel, Inc.)

The gas line should be either 3/ 8 in.

O. D. copper tubing (soft) or 3/8 in.

O. D. annealed aluminum tubing. The
tubing should be attached to the main
gas line as close to the refrigerator

as possible. The tubing must be pro-

tected from abuse. It should be pro-

tected from kinking or bending and it

should be protected from heavy objects

to prevent crushing. A hand shut off

should be installed between the main
gas line and the tubing.

At the refrigerator end the tubing

has a hand shut off cock. The tubing

is fastened by means of the 45 ° SAE
flare to the end fittings, Figure 15-8.

A strainer is mounted at the outlet

of the shut-off cock. This strainer is of

very fine mesh and it removes any dust

or dirt that might injure the pressure
regulator and thermostatic control.
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The gas now passes through a pres-

sure regulator to the thermostatic con-

trol, then to the burner.
* After the installation is complete

all the joints must be tested for leaks

with a soap and wate^r. solution while

under pressure and before, ifghting the

burner.

15-13. PRESSURE REGULATING
VALVES

The purpose of the pressure regu-

lating valve is to supply a steady flow

of gas to the burner. If the burner gas

15-9. A pressure regulating valve for gas. A. Shipping

pin; B. Gas in; C. Gas connection to the thermostatic

control; D. Flexible diaphragm; E. Weights; F. Valve and

seat; G. Bleeder Connection; H. Valve cap.

(Servel, Inc.)

phragm (synthetic rubber, fabric rein-

forced) and if the pressure attempts
to lower the diaphragm will move,
opening the gas valve allowing more
gas to flow. The increased gas flow

will press the diaphragm up tending

to close the valve. The pressure regu-

lator is very delicate. It is accurate to

1/100 of an inch water pressure. The
pressures the regulator has to main-
tain vary from 3.9 inches of water to

1.6. This pressure needed varies with

gas flow in cu-ft per hour. This gas

flow is controlled by the orifice size

in the burner. The pressure also varies

with the density or specific gravity of

the gas. The greater the gas flow the

greater the pressure needed. The
pressures must be adjusted to within

.1 inch water pressure for good re-

sults.

•".
~~

pressure should change, the flame
would change and may even be extin-

guished.

The pressure regulator both re-
duces the pressure and provides a con-
stant gas pressure, Fig. 15-9.

Liquid petroleum (LP) gases do not

need a pressure regulator at the re-

frigerator because the pressure re-

gulator mounted on the LP cylinder

performs the same duty.

The pressure regulator operates

much as an expansion valve does. The

outlet pressure presses against a dia-

15-10. A diagram of the operation of the thermostat

on the Servel refrigerator.

(Servel, Inc.)

The Servel company should be con-

sulted in reference to the best gas

pressures for each particular refrig-

erator. They use different capacity
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orifices to enable them to bring the

units to maximum efficiency.

15-14. THERMOSTAT

The mechanism varies the amount

of cooling by varying the amount of

heat. The more heat fed to the genera-

tor the cooler the evaporator will be-

come. A thermostat is used to perform

LIGHTER
PUSH £J\~~

BUTTON |

MINIMUM FLAME
AOJUSTMENTStAL

SCREW

MAXIMUM FLAME
ADJUSTMENT SEAL

SCREW

15-1 I. The Servel thermostat showing adjustments and
lighter push button.

(Servel, Inc.)

this job. A thermal bulb clamped to the
cooling coil will create pressure if the
cooling coil becomes warmer. This
pressure is carried to a diaphragm
by a capillary tube. An increase of

pressure in the diaphragm opens the
gas valve and more gas flows to the
burner, Fig. 15-10.

The increased cooling resulting
from the added heat will cool the
thermal bulb and the diaphragm pres-
sure will decrease, closing the valve.
This control was put on 1947 models
and later. Note the capillary tube, the
temperature adjusting knob on the top
of the body, and the minimum and
maximum devices located on the body,
Fig. 15-11.

The inner working of the thermo-
stat is shown in Figure 15-12. This

illustration shows the construction

of the minimum and maximum flame
adjustments, and also the details of

the burner lighter mechanism.
The amount of primary air is ad-

justable. The outer casing of the burn-

er, called the air shutter barrel, can

be turned. It should be very carefully

adjusted to give an all-blue flame just

as the yellow disappears from the

flame. Too much primary air will also

give a blue flame but the flame cone

will be sharp and the flames will hiss

more sharply.

15-15. BURNER

The burner is the mechanism used

to carefully mix the air with gas in

the proper proportion and burn the

mixture to provide the most efficient

heat. It is basically a Bunsen type

burner, Figure 15-13.

The gas enters at the top, travels

past the safety valve and passes through
the turbulator, through the carefully

sized orifice sperd, mixes with the

primary air, burns at the end of the

mixing tube where the secondary air

and the heat enters the generator tube

SEALI
0IAPHRA6M

Ml
ADJUSTING

MAXIMUM FLAME
ADJU5TINC SCREW

15-12. A sectional diagrammatic view of the Servel

thermostat. The gas flows from left to right. Note the

burner lighter button and mechanism.

(Servel, Inc.)
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and flue. The fitting at the lower right

(at the bottom) is the opening that is

connected to a manometer to check the

gas pressure.

Four different types of burners are

available, each for a>tiifferent kind of

gas. Type A is for fast "burning gases

and Type D is for liquified petroleum

(LP) (bottled) gas.

The turbulator is available in dif-

ferent models; one groove type is for

L P gases, the two groove type is for

piped gases.

The burner must be exactly the

right distance from the generator flue

GAS

/ \ MIXINGTUBE
!

PRIMARY AIR

PRIMARY
AIR PORTS

15-13. A sectional view of the horizontal type burner,

the safety valve and the flame.

(Servel, Inc.)

CORRECT SPACING

TOO LITTLE SPACE

TOO MUCH SPACE

15- 14. The effect of burner spacing on

flame.

(Servel, Inc.)

the minimum

to obtain the correct amount of se-

condary air, Figure 15-14.

The burner can be adjusted to the

distance it is mounted from the gen-

erator flue and it can also be moved
to center the flame in the center of

the generator flue. The flame must
never touch the flue. Use a mirror if

it is difficult to see the flame loca-

tion.

The products of combustion are

harmless and there is no odor.

15-16. BURNER SAFETY VALVE

It is very unlikely the burner flame

will ever be snuffed out. But if some-
one should shut off the gas accidental-

ly and then turn it on or if someone
accidentally puts out the flame by
spilling mopping water the burner has

a positive safety device that prevents

unburned gas from escaping.

This safety valve is operated by

the flame. A metal plate touches this

flame and becomes quite hot. This

heat is transmitted to a bi-metal disc,

which will move with a snap action

and open the gas valve when hot. If

this disc cools somewhat the bi-metal
disc will dish the other way pulling

the valve shut and stopping all gas

flow.

It is important that the heat con-
ductor strip be kept up against the

outer edge of the flame.
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DILUTION AIR

•FLUE EXTENSION

GENERATOR

k

FLUE

CLEAN- OUT SECONDARY
AIR

FLUE
BAFFLE

15-15. The flue construction for both the horizontal and the vertical generator type Servel units.

(Servel, Inc.)

15-17. FLUE

The flue is a circular passage

through the generator and then up the

back of the unit. Its purpose is to pro-
vide passage for the flame gases. It

must work efficiently to provide enough
air movement to allow the flame to

operate correctly, Figure 15-15.

The first section of the flue is

within the generator itself. This is the

heat transfer surface and the hot gases
must transfer as much heat as possible
to the generator. A twisted metal flue

baffle is inserted in this part of the
flue to twist the hot gases to make this

heat transfer efficient.

This baffle is removable and mov-
able. It can be used to clean out the
flue periodically by moving in and out
of the generator flue (it is best to turn
the thermostat to minimum flame dur-
ing this operation).

The second section of the flue is the

MINIMUM FLAME
ADJUSTMENT SEAL

SCREW
LIGHTER

ADJUSTING
SCREW

15-16. A semi-automatic defrosting thermostat for

Servel units.

(Servel, Inc.)

flue extension. An air opening is pro-
vided where the two meet. This open-
ing permits dilution air to enter the
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flue. This flue is basically the chimney
and it must be kept clean to insure

correct air movement.
r

15-18. AUTOMATIC DEFROSTER

Several models of the 9ervel con-

tinuous system have defrosting devices.

The semi-automatic defroster con-

sists of setting the thermostat to a

minimum flame (or defrost position)

and when the cooling coil has defrosted,

the thermostat will automatically start

normal operation again, Figure 15-16.

The automatic defroster is con-

trolled by an electric timer. At what-
ever time the owner prefers usually

SERVICE CORD

an electrical circuit is closed which
opens a water valve and fills the ice

cube freezer trays. When the water

is at the correct level, the water flow

stops, Figure 15-18. Then when the

water is frozen, a thermostat closes

a heating circuit to loosen the ice

cubes, a small electric motor rotates

the ice cube apparatus and the cubes

are unloaded into the basket. If the

basket is still not full, the cycle is

repeated.

15-20. SERVICING THE SERVEL

It is strongly recommended that one

take training from a Servel service

engineer before attempting to service

the Servel units.

The most important observation to

be made in servicing the Servel gas-

fired refrigerator is to determine that

the gas furnished the refrigerator is

supplied in the correct amounts and

pressure.

15-17. A wiring diagram of the automatic defrosting

system.

(Servel, Inc.)

in the early morning hours (1 a.m.)

the electric clock stops the operation

of the thermostat and sends electrical

energy through resistance wires locat-

ed under the cooling coil. The heat

from these wires quickly defrosts the

outer portion of the cooling coil with-

out disturbing the frozen foods within

the coil. When the coil is defrosted,

the system automatically returns to

normal operation, Figure 15-17.

15-19. ICE CUBE MAKER

Some of the Servel units have a

device which automatically manufac-
tures ice cubes as they are needed.

A wire basket is used to hold the

ice cubes. If this basket is not full,

CAM SWITCI

/

METERING
TANK

15-18. The Servel automatic ice cube maker.

(Servel, Inc.)

The amount of gas fed to the re-
frigerator may be checked by the size

of the flame and may be adjusted by
the use of the automatic temperature-
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controlled gas valve which has a manu-
al adjustment on it. Always check the

gas pressure using the water filled

manometer. The flue must be kept

perfectly clean to allow a good trans-

fer of heat. Brushes are used for

cleaning the flue.

The fins on the ammonia condenser,

and, or the absorber must be cleaned

periodically to insure good heat re-

moval from these surfaces.

First, temperature control dial set

too cold which may be the case when
the customer has not been properly

instructed in its use.

Secondly, the temperature of the

cooling unit may be lower than that

indicated by the temperature control

dial setting.

A time temperature graph should

be taken of such a machine which will

tell much more clearly what is wrong.

15-23. LITTLE OR NO
REFRIGERATION

Little or no refrigeration may be
due to an overloaded cabinet but if this

is not the trouble, it may be due to one
of the following: little or no refrigera-
tion is due principally to either im-
proper condensing temperatures, or
little or no heating of the generating
unit. If the condenser or absorber are
dirt and lint covered, poor refrigera-
tion will result, due to the high tem-
perature of these two parts.

If the gas supply has been shut off,

or if the line has become clogged, re-
sulting in a very small consumption of

gas there is naturally little or no re-
frigeration. This trouble may be traced
by checking the gas pressures at the

burner.

Two other reasons for poor heat

transfer or poor heating of the generat-
ing unit are: a restricted gas flue, or
an insulated gas flue. After a certain

period of use the flue of the generator
may become coated with a soot deposit,

preventing a rapid transfer of heat

from the gas flame to the generator

body. This soot deposit should be re-

moved periodically (1-2 months) to in-

sure proper refrigeration and to re-

duce gas consumption.

When scraping the flue of a genera-
tor or when removing the soot from
any surface of the generator, consider-
able care should be taken to prevent

injury to the surface. Always put papers
or a cloth under the refrigerator when
cleaning the flues. The gas-fired and
kerosene-fired refrigerators are
equipped with flues to direct the hot

gases around and away from the gen-

erating units. Occasionally these flues

are clogged by placing the refrigerator

too close to the wall, by placing ob-

jects over the opening, or by having

some obstruction fall into it. These
flues must be kept clean to insure

proper functioning of the refrigerator.

A Servel unit which has not been
used for a period of time may refuse

to freeze when started. To remedy this

trouble, remove the unit from the cabi-

net and invert it for approximately 1/2
to 1 hour. Right the unit and install it

in the cabinet.

15-24. REVIEW QUESTIONS

1. Why must the absorption unit be

leveled?

2. How is proper air flow obtained?

3. Is kerosene sometimes used as

the fuel for continuous systems?
4. What is a flue?

5. How is the gas pressure in a

piped gas system measured?
6. Why don't L P systems need a

pressure regulator in the base

of the cabinet ?

7. How is the temperature regulat-

ed in a piped gas continuous sys-

tem?
8. Why doesn't the flame go out
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when the cabinet is cold enough insufficient refrigeration in a

on the continuous piped gas sys- continuous system?
terns? 10. How are some of the Servel units

9. What are the two basic causes for automatically defrosted?
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Chapter 16

HERMETIC UNITS

The hermetic refrigerator conden-

sing unit consists of a mechanism
which provides a single housing in

which the motor and compressor are

permanently sealed. These hermetic

units may be grouped according to the

following five general classifications.

1. All the joints are soldered or

welded and there are no service

valves.

2. All the joints are mechanical

(assembled with bolts or screws)

and there are no service valves.

3. All the joints are soldered or

welded and there are service

valves.

4. All the joints are mechanical
and there are service valves.

5. Combinations of the above four

types.

16-1. DEVELOPMENT

The refrigeration industry has long

recognized the engineering and pro-
duction problems involved in the de-
sign, production and servicing of the

conventional compressor crankshaft
seal. A natural evolution was the elim-
ination of the need for the compressor
crankshaft seal by constructing the
motor inside the compressor housing.
This improvement has been dependent
on the development of such things as
insulating materials, refrigerants,
motor designs and motor controls. The
General Electric Corporation's Moni-
tor Top was the first hermetic unit that

reached the market in large quantities.

It was first introduced in 1926 and
proved very successful. It was a sul-

phur dioxide charged unit with a com-
pressor and motor under a dome sur-
rounded by the condenser, all mounted
on top of the refrigerator cabinet. The
system used a high side float re-

frigerant control and had a magnetic
relay starter.

Several hermetics appeared on the

market such as the Majestic, the Grun-
ow and others during the period of 1926

to 1934. In 1934 the Frigidaire Corpora-
tion introduced the Meter Miser in their

domestic units. The following six years
found many of the manufacturers devel-

oping the hermetic system. With the

exception of the war time lag in pro-
duction, this trend has continued. To-
day, practically all of the domestic
units are either full hermetics, partial

or semi-hermetics. The units are being
made more compact. The cabinets are
refrigerated their full height, Figure

16-2. They are either equipped at

one extreme with two complete re-

frigerating units, one for frozen foods

and the other for regular refrigerating

temperatures, or they may have a

secondary evaporator and condenser to

provide the refrigeration for the re-

frigerator (non-freeze) compartment,
or they may have but one cooling coil

for both the frozen foods compartment
and for cooling the cabinet. Figure
16-1. All new models provide much
more storage capacity, using the same
outside cabinet dimensions, than the

older designs. This increase in storage
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16-1. A late model refrigerator which has considerable

more usable space as a result of the mechanism being

made more compact.
(Kelvinator Div., American Motor Corp.)

capacity is due to the more compact
refrigerating units and the more effec-

tive and thinner insulation.

16-2. TYPICAL HERMETIC
CYCLES

The hermetic units in use today are

refinements of the units introduced in

the 1940 and 1942 units with very few

basic changes. Most of the condensing

units are located in the bottom of the

cabinet and use a split-phase motor
connected to either a reciprocating or

rotary compressor. The condenser is

usually the natural convection type,

called static condenser. The refriger-

ant control is a capillary tube or a

combination of the weight check valve

and the capillary tube. The cooling coil

is commonly made of aluminum or

stainless steel and provides consider-

able volume and shelf space for frozen

food storage, ice cube making and also

cools the refrigerator cabinet. The re-

frigerant lines are usually silver bFaz-

ed in place and the unit is designed to

be removed in one piece, usually from

the back of the cabinet. The electrical

system comprises a starting relay,

several protective devices, a motor
control; which in some makes has a
clock-operated defrosting mechanism,
a cabinet light, and a door switch.

Various methods have been devel-

oped to provide the two different tem-
peratures required in refrigerators

which incorporate frozen foods com-
partments. It must be remembered that

the frozen foods compartment tem-
perature must be maintained at 5 F. or

below. The other refrigerated com-
partment temperature must not fall

below 32 F. (usually maintained at

35-45 F.). Below 32 F. many foods will

freeze and be destroyed. The various

methods of obtaining controlled tem-
peratures in each compartment are:

1. Air spill over using one cooling

coil, Fig. 16-2.

2. Refrigerant spill over using two

16-2. A spill over from the frozen foods compartment

refrigerates the normal storage cabinet.

(Crosley Div., Avco Corp.)
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3.

4.

cooling coils, Fig. 16-3.

Two complete and independent

refrigerating mechanisms, Fig.

16-4.

A secondary refrigerant system
in which a secondary refrigerant

in a closed system picks up heat

in the refrigerator cabinet and

i
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SECONDARY
CONDENSER

EVAPORATOR

RED - LIQUID

YELLOW - LOW PRESSURE GAS

BLUE - PRIMARY GAS

16-6. A refrigerating cycle that has a secondary cooling system equipped with a pressure operated

temperature valve. I. Gaseous refrigerant. 2. Dry gaseous refrigerant. 3. Liquid refrigerant. 4. Liquid

refrigerant in the cooling coil. When the cooling temperature rises, the control valve responds to

the pressure rise and will open to allow more refrigerant to enter the cooling coil.

(Gibson Refrigerator Co.)

351





HERMETIC UNITS

-v^-H-

I c

A.

I

I

I

4
i

i

i

i

r—

\

A

16-7. In this refrigerator a two-temperature valve on

the refrigerator coil (highest temperature) provides the

two temperatures required. A. Motor Compressor; B.

Condenser; C. Low temperature cooling coil; D. High
humidity cooling coil; G. Refrigerant controls; H. Two-

temperature valve.

defrost water drained from the fresh

foods cooling coil.

A clever refrigerating cycle for a

cabinet with a fresh foods cooling coil

and a frozen foods coil is shown in

Figure 16-10.

The discharge gas from the com-
pressor is first passed through a small
condenser located in a flat position in

the base of the cabinet. The heat from
this condenser evaporates the drain

water from the fresh foods cooling coil.

The gas is then completely condensed

i in a static condenser mounted on the

I back of the refrigerator. A capillary

I tube then delivers reduced pressure
' liquid to the fresh foods cooling coil.

' A weighted valve keeps the pressure in

the fresh foods evaporator higher than

the pressure in the ice freezing shelf.

An injector then delivers the remaining
liquid refrigerant into the frozen foods

cooling coil. Note that both ends of the

frozen foods cooling coil are connected

o the header or accumulator. The
injector forces the liquid around and

around the frozen foods cooling coil

until it is all evaporated. The evaporat-

ed refrigerant then returns to the com-
pressor by way of the suction line.

16-3. REFRIGERANT CONTROLS

Hermetic systems quite generally
use either the high side float or the
capillary tube refrigerant controls or a
combination of both. These controls
have proven very successful although
both require a carefully measured
refrigerant charge.

The design, construction, and oper-
ation of these refrigerant controls is

T 1
-a

CONDENSER Q

16-8. A refrigeration cycle using a shell type evapo-

rator, (3 and 3) a capillary tube, (2) a wire type static

condenser, (5) accumulator (6) suction line.

(Hotpoint Co.)

explained in Chapter 5.

16-4. HERMETIC COMPRESSOR
DESIGNS

The development of hermetic com-
pressors and their manufacture has
required some of the most accurate
craftsmanship our industry has pro-
duced. Parts are being fitted to micro-
accuracies under production condi-
tions. There are two types of com-
pressors in popular use, namely:

a. The reciprocating compressor.
b. The rotary compressor.
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16-9. A refrigerating cycle with the fresh foods cooling

and the freezer cooling coil connected in series. (I) de-

frost water evaporator (2) discharge line (3) condenser

(4) capillary tube (5) cooling coil connection (6) cooling

coil (7) accumulator (8) suction line. The restrictor keeps

the fresh foods coil at a higher pressure than the freezer

coil.

(Hotpoint Co.)

HEAT
"V EXCHANGED

AUXILIARY CONDENSER

16-10. A schematic diagram of a cycle with the fresh

foods cooling coil and the freezer cooling coil in series

and with a weight valve maintaining the pressure dif-

ference. Note the auxiliary condenser for evaporating

defrost water. The injector keeps the liquid refrigerant

circulating in the freezer evaporator.

(General Electric Co.)

fan and condenser to increase the con-

trol of air flow over the condenser,

Fig. 16-11. Some companies install

Both are being produced in great

quantity and are giving very quiet and
efficient service.

These compressors have been ex-

plained in detail in Chapter 4.

16-5. CONDENSER DESIGN

There are several types of con-
densers being used in the hermetic
designs:

a. Fan cooled finned type (forced

convection).

b. Natural convection finned con-
denser.

c. Natural convection plate con-
denser.

The use of a fan requires a separate
electric motor. The condenser is usual-
ly made of copper tubing and copper
fins, tin dipped. A shroud is put over the

16-1

tor-compressor;

ceiver; D. Fan.

A serviceable hermetic condensing unit. A. Mo-

B. Shrouded condenser; C. Liquid re-

I. Suction service valve, 2. Liquid re-

ceiver service valve.

(Lynch Corp.)
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air-in and air-out ducts to improve the

condenser cooling and also to decrease

the noise. These ducts are usually made
* of some acoustic (noise absorbing sub-

stance) such as felt, cardboard, etc.

It is very important that these ducts

remain intact and thatTthe air flow does

not become restricted.

Condensers that do not use a fan to

provide forced air are sometimes call-

ed static condensers, Fig. 16-12.

16-12. A natural convection finned condenser. This

unit has two service valves. The condenser is inclined to

permit cool air to contact all parts of the condenser.

(Tecumseh Products Co.)

The plate condenser is the easiest

of the three to manufacture and it is

also easiest to clean externally. How-
ever, it is more bulky in order to have
sufficient cooling area and takes up

more space than the other two types,

Fig. 16-13.

Figure 16-14 illustrates a cycle

diagram in which the condenser is in

two parts. The high pressure gas from
the compressor goes first through the

oil cooler condenser. The heat from
this condenser is used to evaporate the

condensate from the box on the defrost

cycle. The saturated high pressure
vapor passes through a loop in the

compressor to cool the oil, it is then

cooled in the condenser and flows

through the capillary tube and to the

evaporator.

16-13. A plate type hermetic system condenser. Note
that the tubing is attached to a large sheet of metal for

maximum air contact and "chimney effect."

(General Electric Co-)
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16-6. COOLING COILS

There are many cooling coil designs

in use. The shape of the cooling coil

depends to a great extent on the use of

the coil, the space allotted to the coil,

and the type of refrigerant control.

These cooling coils may be made
of copper, aluminum or stainless steel

with the latter two becoming increas-

ingly popular. There has been a gradual

change in design from coils made of

16-15. A one piece type of cooling coil in which the
tubes, headers and shelves are formed in a single piece.
A. Mounting bracket; B. Shelf; C. Refrigerant passage;

D. Accumulator.

(Houdaille-Hershey Corp.)

16-16. A modern refrigerator design which provides
ice cube freezing and storage, frozen foods space and
high humidity cold storage space for perishable foods.

tubing wrapped around metal sleeves

that held ice cube trays, to stamped

or formed sections which incorporate

the tubes, the collector headers and

the shelves all in one piece, Figure

16-15.

The ideal domestic refrigerator

should quickly freeze ice cubes; it

should freeze and provide storage for

frozen foods, and it should provide a

non-drying (high humidity) refrigerated

space for storage of open and perish-

able foods, Figure 16-16.

To accomplish this triple function,

some companies use one cooling coil

held to a low temperature which makes
ice cubes and keeps frozen foods.

Through its low temperature and its

small area exposed to the large cab-

inet volume, it also keeps the cabinet

temperature very nearly correct; how-
ever, it has the disadvantage of drying

the foods quite rapidly. This results in

rapid frosting of the cooling coils as

well as providing a low humidity in the

cabinet.

Other manufacturers have provided

two compartments in the cabinets, one

for ice cubes and frozen foods and one

compartment for fresh produce. This

design is more expensive since it

means using two cooling coils, one

equipped with a two temperature valve,

a secondary cooling system, an over-
flow coil with restriction between the

two coils or using two condensing
units.

One of the simplest and most effec-

tive solutions is to use a secondary-
refrigerant in a separate cooling coil

and condenser system sealed from the

regular system, Figure 16-17. This
secondary system uses the cooling coil

of the first system to cool its con-
denser and it has its cooling coil

attached to the outside of the inner
lining of the cabinet or as a finned
coil, located in the rear of the inside
of the cabinet. One manufacturer calls

the former arrangement the "Cold
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16-17. Diagram of a secondary refrigeration circuit.

The cooling coil in the freezing compartment (primary

circuit) contacts the condenser coil of the secondary

refrigeration on temperature difference only. Both the

primary and secondary systems are charged with the

same kind of refrigerant. A. Motor-compressor; B. Con-
denser; C. Freezer cooling coil; D. Secondary cooling

coil.

Wall," Figure 16-18 and Figure 16-19.

Others use a large surface coil (finned)

as the cooling coil for the high hum-
idity, 35 F. to 45 F. portion of the

cabinet.

A two-temperature system that uses
a solenoid valve to produce the two
temperatures is shown in Figure 16-20.

When the thermostat in the food com-
partment calls for more cooling the

solenoid valve closes and the refriger-

ant passes the plate coil before it

reaches the freezer coil. When the food

PRIMARY SYSTEM—— SECONDARY SYSTEM

16-18. Diagram of a refrigeration circuit which uses a

secondary refrigerant for cooling the normal storage

compartment.
(Frigidaire Div., General Motors Corp.)

16-19. Refrigeration circuits using two secondary re-

frigerant systems. A control on one of the secondary

systems gives the housewife an opportunity to defrost

and remove the moisture from one (Refrig-o-plate) of

the secondary system.

(Frigidaire Div., General Motors Corp.)
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compartment is cool enough, the sole-

noid valve is energized and opens,

Figure 16-21. The refrigerant will now

by-pass the plate coil due to ease of

flow. The thermostat operated by the

freezer coil cycles the motor-com-

pressor unit.

16-7. TUBING

The trend is to use soft soldered

and silver brazed tubing in all the later

domestic units. This tubing is attached

permanently to the cooling unit and

condensing unit and necessitates re-

moving the complete mechanism from

the cabinet at one time as the soldered

joints are inconvenient to separate.

Usually the liquid line and suction line

are permanently fastened together.

Copper or steel tubing is brazed to

the condenser and compressor motor

dome as these parts are of copper or

7^
CAPILLARY TUBE

HEAT EXCHANGER

16-20. A refrigeration cycle that uses a solenoid by-
pass to control the plate temperature. The valve is

closed and the plate is being cooled.

(Philco Corp.)

steel. Many cooling coils are made of

aluminum and attachments to them
cannot be silver brazed. The manu-
facturer, in some cases, flash welds

(a resistance welding operation) a short

\ /

16-21. A cycle that uses a solenoid valve to control the

plate temperature. The valve is open and the refrigerant

is by-passing the plate coil which therefore is not being

refrigerated.

(Philco Corp.)

length of copper tubing to the alumin-
um tubing connection of the aluminum
coil. This copper tubing must be left

connected to the aluminum cooling coil

during service operations in order that

it may be easily reconnected into the

system after the service operation has

been completed.

16-8. ELECTRICAL CIRCUITS

The electrical circuits of the herm-
etic mechanisms are very much sim-
ilar. See Figure 16-22. The main por-
tions of the electrical system are:

a. Motor
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VIEW OF DEFROST CONTROL
W l R I NG CONN EC TIONS

16-22. The arrangement of the electrical wiring in a refrigerator cabinet.

(Seeqer Refrigerator Co.)
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16-25. A pictorial drawing of the wiring in a refrigerator. Note the mechanical connections used. The number and

color code is similar to those used in all refrigerators. The compressor motor has four terminals as it is a 3400

r.p.m. motor and uses an auxiliary winding.

(General Electric Co.)

the hot wire. The current is fed along

three separate wires from this wire.

One wire to the thermostat, one wire
to the million heater, and one wire to

the lights and butter conditioner. The
motor-compressor unit operates at

3600 r.p.m. and has three motor wind-
ings necessitating four (4) terminals.

The capacitor is used in the larger
units while the resistor is used on all

those models having the third or auxi-

liary winding.

16-9. MAIN ELECTRICAL
CIRCUITS

The main wiring circuit of a re-

frigerator comprises a plug-in cord, a

thermostat, a light, a light switch, a

relay, and a motor, Fig. 16-26.

The relay is usually the junction box

for all the wires. The thermostat is

electrically located in series with the

motor, the relay and the power-in plug.

The light switch and light are located in
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parallel with the motor. These connec-
tions mean that the cabinet light can
operate even though the system is not

running. The light switch is a spring
loaded switch mounted in the cabinet

16-26. A wiring diagram of a hermetic system showing

a condenser fan electrically connected into the circuit.

(Kelvinator Div., American Motors Corp.)

door jam and the switch spring closes

the switch as the door opens.

16-27. A wiring diagram using an electrical defrost,

defrost timer and drier to prevent sweating.

(Frigidaire Div., General Motors Corp.)

A wiring diagram showing the more
popular parts of the electrical system
are shown in Figure 16-27.

16-10. ELECTRICAL CIRCUIT
ACCESSORIES

Many refrige rators in addition to the

devices listed above have other elect-

rical accessories. Some have motor
driven fans to help cool the condensers.
The fan motor is connected in series
with the thermostat and in parallel with

the compressor motor. Therefore, all

the electricity used by the compressor
motor and the fan motor passes through
the thermostat switch.

Some refrigerators have small
heating elements in the butter com-
partments. These small heating ele-

ments keep the butter a few degrees
above the normal 35-45 F. compartment
temperature. The resistance is con-
nected in the system in parallel with

the other units. It has its own thermo-
stat, Figure 16-28.

Occasionally the breaker strips

around the freezer compartment door
will sweat or frost. Formerly double

rows of gaskets were used to minimize
this condition, but at present very
small electrical resistance wires are
mounted in back of the breaker strips

to eliminate this condition. Figure
16-29 illustrates a wiring diagram of a

domestic unit. It has a dew point com-
pensator circuit shown on the right.

Some refrigerators have a very

small heating element mounted inside

the cabinet liner near the cooling coil

of the non-freezer section of the box.

This heating element operates during

the time the unit is not running and

prevents ice formation on the cabinet

liner and also acts to cycle the unit

when the regular food compartment is

not used frequently, Figure 16-30.

Ultra-violet ray lights are used in

some refrigerators as an air purifying

agent. These lights operate from a
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TEMPERATURE CONTROL
COMPRESSOR

HOUSE CORD

COMPRESSOR

THERMOSTAT

}^~\ LIGHT #
(' r ) socket r~~i

CONNECT WHITE WIRE
TO TERMINAL WITH
"W" STAMPING

CONNECT RED OR
GREEN WIRE TO
TERMINAL WITH
"R" STAMPING

CONNECT BLACK WIRE
TO CENTER TERMINAL

(MAIN)

16-28. Wiring diagram of a hermetic system showing the electrical connections tor such items as motor relay,

cabinet light, and butter conditioner and thermostat. It also shows the connections between the starting relay

and the motor.

(Crosley Div., Avco Mfg. Co.)

OEW POINT
COMPENSATOR

16-29. The wiring diagram of a two compartment domestic refrigerator. Note the freezer thermal regulator for
cycling the unit, the plate thermal regulator for controlling the solenoid, and the dew point compensator for

warming the breaker strip.

(Philco Corp.)
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transformer. The electrical circuit is

in parallel with the other main units of

the system.

MOTOR COMPRESSOR CONDENSER

16-30. A two compartment refrigerator having a ther-

mal stabilizer heating element mounted back of the

plate cooling coil to insure against frosting and to cycle

the unit during long no-use periods.

(Philco Corp.|

16-31. A defrosting clock which can be connected to

the power circuit of any domestic refrigerator.

(Automatic Controls Corp.)

16-11. DEFROSTING SYSTEMS

The method of defrosting domestic
refrigerators has improved consider-
ably in the past few years. In the

beginning defrosting was accomplished
by shutting off the system until all the

frost melted and then turning the unit on
again manually or automatically. Trays
caught the melted frost. These trays

were emptied manually.

Since the development of frozen

food compartments in domestic re-

frigerators a better way had to be
developed for defrosting. The new sys-
tems defrost the coils quickly to pre-
vent raising the temperature of the

frozen foods, and the defrost water is

removed from the cabinet automatical-

iy.

There are five principal ways in

which the automatic defrost interval is

determined. The mechanisms for each

are different. These methods are:

1. Daily by clock timing.

2. Accumulated running time of the

condensing unit.

3. Accumulated door open time.

4. Counted number of door

openings.

5. Operation on a defrosting cycle.

Daily by clock timing is the simplest

and most common. In this system an

electric clock mechanism is wired into

the electric circuit to defrost the re-

frigerator daily at a time to which the

clock is set, Fig. 16-31. This time is

usually set sometime after midnight.

It may be set to suit the wishes of the

owner.

Accumulated running time of the

condensing unit defrosting is timed by

leaving an electric clock mechanism
connected in parallel with the com-
pressor motor. The clock will run all

of the time that the compressor is

operating. The clock mechanism is set

to operate the automatic defrost after a

certain number of hours of operation of

the condensing unit (usually about six
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hours). This interval of defrosting is

adjustable to accomodate various con-

ditions of use of the refrigerator.

Accumulated door open time also

times the defrost interval through an

electric clock mechanism which op-

erates the automatic defrost after a

total number of minutes that the re-

frigerator door has stood open. The

principle of this timing is based on the

fact that each time the refrigerator

door is opened the cold air in the cab-

inet spills out. Part of the moisture

in this air has been deposited on the

cooling coil and as the door is opened

fresh moisture laden air enters and will

be deposited on the cooling coil. Fre-

quent and prolonged opening of the

cabinet door will hasten frost accum-
ulation on the cooling coil. This defrost

timing device therefore, provides auto-

matic defrosting on the basis of cabinet

use.

The counted number of door open-
ings defrost interval is based on the

same principle as the accumulated
door open time. Instead of using a

clock mechanism, a ratchet mechanism
on the door operates the automatic

defrost system. After a certain number
of door openings (usually about 60) the

automatic defrost device will be brought

into operation.

Most automatic defrost systems
control the length of the defrost time

by a thermostat attached to the cooling

coil. Automatic defrosting is accom-
plished by stopping refrigeration and

rapidly heating the cooling coil.

The two sources of heat used to

quickly defrost the coils are:

1. Hot condenser gas.

2. Electrical heating coils.

Primarily, all of the automatic

defrost systems depend on electrical

controls for their operation. Figure
16-32 shows a hermetic wiring diagram
with the conventional automatic defrost

controls connected into the circuits.

16-12. HOT GAS
SYSTEMS

DEFROST

16-32. Wiring diagram which shows circuits and con-
trols for a hot gas type of automatic defrost system.

(Kelvinator Div., American Motors Corp.)

To defrost the cooling coil with hot

gas, the hot gas coming from the com-
pressor is piped into the cooling coil

where it circulates and melts the frost

from within. The gas then returns to the

compressor.
The mechanism consists of a sole-

noid valve located in a by-pass line

running from the outlet of the com-
pressor to the cooling coil at the cap-
illary tube end, Figure 16-33. This
illustration shows an automatic defrost

system on the refrigerating cycle. The
liquid refrigerant flows through the

lower frozen plates on its way to the

upper refrigerated plate. Heat is first

absorbed from the freezer compart-
ment and any extra liquid refrigerant

passes upward to cool the food storage

area. The lubricating oil has the ability

to absorb refrigerant in increasing
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16-34. The defrost cycle diagram for a "hot gas" and electric heat automatic defrost. The defrost

control has opened the solenoid valve by passing hot gas to the refrigerated plates and turns on the

compressor which rapidly warms up both coils.

(Seeaer RefriaeraTor Co.)
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amounts as oil temperatures are re-

duced and release refrigerant as oil

temperatures are increased. On the

"off" cycle, the compressor and the oil

in it cool. The cool oil will absorb

some of the refrigerant in the unit,

leaving an insufficient amount of re-

frigerant to refrigerate both coils com-
pletely. At the beginning of the "on"
cycle, all of the available refrigerant

will be evaporated in the lower freezer

plates and little or no refrigerant will

reach the upper coils. During this

period, frost on the upper plate may
melt. After the compressor has oper-

ated for a few minutes and has warmed
up, the oil will release the absorbed

refrigerant and this additional refrig-

erant will pass to the upper refrigerat-

ed plate. The thermostat contact bulb
is attached to the upper refrigerated

plate so the compressor will continue

to operate until the upper plate has been
completely refrigerated. The freezer
compartment will continue to be re-

frigerated during the entire "on" cycle

while the food storage space will re-
ceive cooling during only a part of the

cycle. In this manner the proper food

space is maintained at a satisfactory

low temperature automtically.

The automatic defrost control

places the mechanism on the defrost

cycle once each 24 hours. The defrost

cycle is shortened by the use of two
electric heaters, Figure 16-34. On the

defrost cycle, a solenoid valve opens
and directs the flow of warm refriger-

ant gas from the compressor direct to

the lower freezer plates. This hot gas

helps melt the frost which has ac-
cumulated on the evaporator coils.

Some of the refrigerant will be con-
densed but to prevent the liquid re-

frigerant from being returned to the

compressor and to add to the heat of

the refrigerant, an electric heater
element is used to boil the refrigerant.

The warm gas helps in defrosting the

coils and is then drawn back to the

compressor, then the suction line (gray
on the diagram). A second electric
heater which is mounted on the bottom
of the freezer compartment is also
turned on during the defrost cycle to
prevent any freeze-up of the drain at

THERMOSTAT

DOOR
SWITCH

16-35. The wiring diagram for a hermetic system which
has a semi-automatic defrost.

(Kelvinator Div., American Motors Corp.)

the bottom of the compartment and to

remove any frost that may have formed
on the interior of the walls of the

freezer. The defrost cycle continues
until the temperature of the defrost
control bulb rises to approximately
40 F. or for one hour—which ever
occurs first.

The defrost control will return the

system to normal operation after the

defrost interval.

Some semi-automatic systems re-
quire opening the solenoid with a man-
ual electric switch. When the defrost
is complete, a slight rise in tem-
perature activates a sensitive bulb
which returns the system to normal
operation. Figure 16-35 shows the
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16-36. An electrical heating unit (exploded view) ap-

plied to a cooling coil and used to provide automatic

defrost facilities.

(Crosley Div., Avco Mfg. Corp.)

wiring diagram for this type of auto-

matic defrost.

16-13. ELECTRIC HEATER
DEFROST SYSTEM

To defrost the unit with electrical

heating elements requires installing

heating coils or electrical resistance

wires beneath those parts of the coils

needing defrosting, Figure 16-36.

These electrical heating elements are

well insulated, the circuit is usually

equipped with a fuse. Some circuits

have a safety thermostat which will

open the circuit in case the tempera-

ture rise is too great. Figure 16-37

shows the wiring circuit of an elect-

rical defrost system which is started

by pressing a push button and that

automatically returns to normal oper-

ation. Figure 16-38 is another semi-
automatic electrical defrosting system.

The resistance wires proper are

placed to melt the frost from the coils

in a minimum of time. These coils are

rated at 400 watts and up. Some units

are automatically shut off during the

defrost cycle and a thermostat returns

the unit to normal operation after the

coil is defrosted. The wiring diagram
of a full automatic system is shown in

Figure 16-39. Water formed is disposed

of in several ways. Some systems run

the defrost water down to a pan near the

compressor-motor where the heat from
the compressor evaporates it. Some
units drain the water into a special tray

and this tray must be periodically

emptied. The drain pipe must have a

LIGHT
DOOR
SWITCH

OVERLOAD
PR0TECT0R^-*-C -(c) COMMON

(5) START

(r)run

SERVICE CORD
PLUG

TEMPERATURE AND
DEFROST CONTROL

JUNCTION BOX

16-37. An electrical defrost system which is started by means of a push button and which automatically returns
to its normal cycle. Note the overload protection for its motor-compressor and also note the amperage type relay.

(Franklin Mfg. Co.)

372



HERMETIC UNITS

liquid trap.

One refrigerator uses a motor con-

trol which is controlled by a thermo-

v stat actuated by the fresh foods cooling

coil. The freezer section cooling coil

is in series with the fresh foods coil.

The cycle of operation is* shown in

Figure 16-40. When t^he unit first

starts at a fresh foods coil tempera-
ture of 37 5 F., the fresh foods coil

still warms up a little but the freezer

coil immediately starts to become
colder (starts at 8 F.). As the unit

runs the fresh foods coil temperature
lowers quickly and the freezer coil

PlATE HEATH

lNTf«IO» LIGHT

OCT

16-38. A wiring diagram of a hermetic system which

uses an electrical resistance defrost unit that is turned

on normally and which automatically returns to normal

operation.

(Norge Sales Corp.)

slowly. At the end of the running
cycle, the fresh foods evaporating open
the thermostat at approximately 17.5 F.

and the freezer coil has cooled to-5F.
During the off cycle the fresh foods
coil must warm up past 32 F. (defrost

temperature) and up to 37 F. before the
unit starts running again. The dotted
line at the top represents the fresh

food temperature during the cycle. The
bottom dotted line indicates the frozen
food temperature during the cycle. The
curves were obtained with the refrig-

erator operating in a 100 F. room.

16-39. A schematic diagram showing a full automatic

defrost system using electrical heating elements.

(Norge Sales. Corp.)

MACHINE ON

FRESH FOOD

•-MACHINE OFF

TIME - MINUTES

16-40. A time-temperature graph of the cooling coil

temperatures and the compartment temperatures of a

two-door refrigerator. The thermostat is operated by

the fresh food evaporator temperature.

(General Electric Corp.)
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5.

16-14. REVIEW QUESTIONS

1. What is a hermetic refrigeration

mechanism?
2. What is another name for a

natural convection condenser?

3. How is copper tubing fastened to

aluminum tubing?

4. What are some of the devices in

the electrical circuit of a herm-
etic domestic refrigerator?

How is the temperature con-

trolled in abutter compartment?
Why are systems being defrosted

faster at the present time?

What is used to permit the flow

of hot gas through the cooling

coil for defrosting?

What is meant by a semi-auto-

matic defrosting system?
9. Where are most of the refriger-

ant lines located in the latest

model domestic refrigerators?

10. How is the defrost water re-

moved after the defrost cycle?

8.

16-15. HERMETIC COMPRESSORS
FOR HEAT PUMP INSTAL-
LATIONS

The use of heat pumps for residen-

tial heating and cooling is increasing

rapidly. Hermetic compressor units for

heat pump use, have been developed in

many designs, and in a wide range of

sizes.

The hermetic compressor is ideal

for such installation as it is simple to

mount, and connect into the installation.

Such compressors are equipped with

service valves, suction and discharge

16-41. The exterior of a heat pump motor compressor
unit.

(Tecumseh Products Co.)

16-42. A service valve assembly for hermetic units.

The bottom portion (B) fastens to the line by means of

two small cap screws. The joints are sealed with

synthetic rubber gaskets. The hand valve (A) that
operates the tap is removable and therefore only one

is needed by the service man.
(Watsco, Inc.)

mufflers and other special features

which contribute to quiet reliable oper-

ation and long life. Fig. 16-41 illus-

trates a hermetic compressor designed

for residential heat pump installation.

16-16. HERMETIC UNIT
SERVICE VALVE

A means to connect gauges and
charging cylinders to a hermetic sys-

tem is shown in Fig. 16-42. The device

has a removable service valve thus re-

ducing the weight and strain on the

tubing. Synthetic rubber gaskets seal

the joints, and a needle point on the

small screw pierces the tubing when
the screw is turned in by the hand valve.
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Chapter 17

. SERVICING

HERMETIC SYSTEMS

Hermetic units are made in various

styles. The service procedure depends

on the design. Hermetic units have been

made since 1925.

Originally the hermetics were de-

signed to fit on the top of the refrigera-

tor cabinet (General Electric Monitor

Top, Coldspot, Westinghouse, etc.).

Following this design the units were
made to fit into the back of the cabinet

and the condensing unit was mounted
in the base of the cabinet.

The latest designs generally have

condensing units in the base and run

the refrigerant lines just back of the

cabinet door jam breaker strip. The
cooling units are removed from the

front of the refrigerator.

17-1. SERVICING HERMETIC UNITS

The servicing of hermetic refrig-

erator mechanisms depends to a great

extent on the assembly method for the

unit. If the unit is brazed or welded to-

gether, it requires considerable extra

equipment to perform a major repair

(an internal repair). If the unit is bolted

together, it still is a major overhaul to

service anything within the unit, but

there is not as much special equipment

needed for special tearing down and

assembly.

It is considered good practice to

remove the complete hermetic unit

from the cabinet and recondition it in

the shop if any internal difficulties

arise.

Servicing of hermetic refrigerators

may be divided into two major divi-

sions:

a. External repairs

b. Internal repairs

17-2. EXTERNAL SERVICING OF
HERMETIC UNITS

External servicing means all those

service operations which do not involve

breaking into the refrigerant system

except through service valves. Most of

the external repairs can be done on the

customer's premises.

Some of the more common external

service operations are:

a. Cabinet hardware

b. Cleaning

c. Noise (rattles)

d. Electrical

(1) Thermostat

(2) Interior light and circuit

(3) Power circuit

(4) Fan motor

(5) Relay

(6) Capacitor

(7) Motor terminals

(8) Defroster

(9) Defroster controls

e. Diagnosing of all the troubles in

the unit

f. Charging, discharging, purging,

and adding oil, if the unit is
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17-3.

equipped with service valves or

service valve attachments.

CLEANING THE
MECHANISM

The hermetic refrigerating system

is a heat transfer mechanism as much

as the conventional system. Provisions

must be made to allow air to circulate

around and through the unit and con-

denser. Further, the condenser and

dome must be kept as clean as possible,

because dirt and lint will act as heat

insulators. Periodic cleaning, approxi-

mately each three months, is very

necessary for economical operation and

long life. One outstanding advantage of

the Monitor Top General Electric unit

was that the owner kept the condenser

clean, if for appearance only.

The best way to clean the hermetic

mechanism is with a small vacuum
cleaner or a special vacuum cleaner

nozzle with a brush attachment. The

vacuum cleaner eliminates raising a

lint cloud to circulate in the room or

to settle on the floor. It is also quicker

and more thorough than hand brushes

or cleaning cloths. If a brush or clean-

ing cloth is used, place a paper or

cloth on the floor underneath the unit.

If the unit uses a motor-driven fan, be

sure to turn off the power (pull the plug)

before proceeding with the cleaning. It

will be found efficient and economical
to partially remove the unit (especially

remove the baffles and unbolt the con-

denser guard) to perform a good clean-

ing job.

17-4. EXTERNAL NOISE
ELIMINATION

Most external noise in the refrig-

erator comes from rattles. Loose baf-

fles or ducts, tubing touching anything

while vibrating, an uneven floor which
may cause a list (leaning to one side)

of the condensing unit and finally fan

and motor noises are all causes of

noise.

A loose cooling unit door and loose

articles on shelves that are not evenly

placed on their supports may also

cause annoying rattles. A rattling noise

originating in the unit may indicate that

the unit is laboring harder than in the

past. To determine if there is an extra

load on the running parts the electrical

LEVELINfl GUM

17-1. A cabinet leveling screw.

(Norge Sales Corp.)

load test is best; or one may sometimes

determine if the unit is overloaded by

its starting behavior (3 seconds to

operate relay is the average time).

If the cabinet is on an uneven floor

the cabinet can be leveled by adjusting

the two screw type floor pads located

at the front of the cabinet, Figure 17-1.

If the tubing is rattling against parts

of the refrigerator, it can be carefully

bent away from contact. If the tubing

is taut and has a vibration or hum,

this noise can be reduced by clamping

rubber blocks on the tubing to stop the

harmonic vibration.

Loose baffles and ducts can be easily

secured by using self-tapping sheet

metal screws.

17-5. SERVICING THE
MECHANISM

Many manufacturers provide ex-

change service on the complete re-
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17-2. Three capillary tube system cycles; normal, overcharged, and undercharged.

(Allin Mfg. Co.)

frige ration machines exclusive of the

external controls, fans and cabinet.

In most cases it is advisable to use

this service. In case a manufacturer

has gone out of business or if it is

impossible to obtain a replacement

mechanism, the procedures recom-
mended in the following paragraphs

may be useful.

There are several types of her-

metic refrigerating machines on the

market. They vary in size from 1/20

H.P. to 7 H.P. Their construction

varies between the sealed welded units

with no external valves or moving
parts, those that are welded, but have

external fans, those that are welded
are equipped with service valves or

valve attachments, and finally, those

that are bolted together and are com-
pletely serviceable without special

tools. All of these can be repaired,

but some require more equipment than

others.

The general service procedure is

to discard the refrigerant and the oil

from the machine, dismantle the mach-
ine and make the necessary repairs

(motor, compressor, refrigerant con-

trol), assemble the unit with temporary
valves, test the unit (test for leaks),

evacuate, dry the unit, charge it with

oil and refrigerant, test the unit (re-

cording thermometers, wattmeters,

etc.), test for leaks, disconnect the

temporary valves and finally give the

unit a test run in a 100 F. room.

17-6. DIAGNOSING MECHANISM
TROUBLES

Many methods can be used to find

the trouble. A lack of refrigerant is

usually indicated by the cooling coil

being only partially frosted, but that

part which is frosted is frosted very
well.

Figure 17-2 shows typical pressure
curves for a capillary tube system when
it is overcharged, undercharged and
also a normal cycle.

A leaky check valve will be indicated

by the suction line warming rapidly

starting at the compressor as oil and

hot gas backs up into it as soon as the

compressor stops. A restriction on the

high side (high side float or, capillary

tube, filter, dehydrator or screen) will

be indicated by continuous running, no

refrigeration and the liquid refrigerant

will be found stored on the high side.

This liquid can be detected by care-

fully using a small torch flame on the

condenser and that part that contains

liquid will stay relatively cool while

the metal with no liquid back of it will

warm rapidly.

A partial restriction will be shown
by frost occurring at that point. This

frosting quite frequently occurs at the

filter screen, and dryer.

A compressor housing that is warm-
er than usual may indicate a unit run-

ning at a below normal voltage, a

quantity of air in the system or a lack
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of oil. The voltage can be easily check-

ed with the use of a voltmeter. Air in

the system can be checked by purging.

A lack of oil will be indicated by a

noisy unit. A lack of oil usually means

that the oil has become lodged in the

cooling coil.

In those units that have the condens-

ing unit mounted above the cooling

unit (Coldspot, Westinghouse, etc.),

this condition can sometimes be rem-
edied by putting very hot water in the

ice cube trays. This extra heat boils

the refrigerant violently and it may
carry the oil back to the condensing

unit. Some service men use a torch

flame for this operation, but it is a

dangerous practice. Drastic cases may
require removing the unit and setting

it upside down for a few minutes to

start the oil back to the cooling unit.

An oil-logged cooling unit is indicated

by a lazy cooling coil, that is the cool-

ing coil doesn't frost evenly.

17-7. DIAGNOSING ELECTRICAL
TROUBLES

Many hermetic systems are need-
lessly replaced because the service
man concluded that the internal mech-
anism was faulty when the trouble
really existed in the external electri-
cal devices.

For example, if the mechanism will

not start, or if the unit hums but will
not start, or if the unit short cycles,
the trouble could be in the external
electrical circuit. The fault may be
in the:

Power-in connections

Thermostat
Wire terminals
Relay

Capacitor (if the unit has one)
Each and all of these devices must

be checked carefully before the unit
itself is determined faulty. These parts
can only be checked by removing them

\

\y^;

17-3. Testing the electrical units of a hermetic system.

Note the volt meter, wattmeter and substitute relay.

(Norge Sales Corp.)
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from the wiring system and then

1. Checking them independently or

2. Temporarily substituting a test

part or an exact replacement to

see if the unit will run with the

new part, Figure 17-4.

Such faults as open circuits, ground

-

17-8. HERMETIC SYSTEM
TROUBLE SHOOTING

ed electrical wires can be easily check-
ed with a test light.

It is strongly recommended here
that Chapter 6 be studied thoroughly

before attempting to shoot trouble in

the electrical units.

TROUBLE

Unit does not run

Unit runs but does

not refrigerate

Unit runs but refriger-

ates poorly

CAUSE

1. Power Source

(a) Fuse
(b) Broken Wire

2. Cord or plug

3. Thermostat

4. Wiring

5. Circuit Breaker

6. Motor- Compressor

1. No refrigerant

2. Poor Compressor

3. Restriction in System

4. Overcharge

1.

2.

3.

5.

REMEDY

Use test light

Inspect

Short out thermostat

with a test lead

Use test light or re-

placement relay.

Short out circuit

breaker.

Disconnect motor
leads and install

tester

Install gauges

low readings

Install gauges -

low side above nor-

mal

Install gauges

Low side very low

High side pressure

low for temperature.

Install gauges

Both gauges show an

above normal read-

ing.

Thermostat Setting

Inefficient Compressor
Moisture in system
Intermittent freezing

Low on refrigerant

(Poor coil frosting)

Partial Restrictions

Check setting

Install dryer

Charge

Inspect forbuckles

or kinks in line.
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Noise 1. Compressor
2. Tubing rattles

3. Uneven floors

4. Loose parts

Replace
Install vibration

clamps (rubber

clamps)

Level
Tighten

17-9. CHARGING THE UNIT

If it is found that the hermetic unit

needs refrigerant, the methods used to

add refrigerant are as follows: First,

one must remember that a pressure

difference is needed to move the re-

frigerant from the refrigerant cylinder

into the system. Figure 17-4. Either

the compressor must create this pres-

sure difference (1), another compres-

sor or pump must create this pressure

1 Compound gage
2 Pressure gage

3 Teat manifold
4 Charging lines

8 Valve seal cap
6 Suction line valve service port

10 Suction line valve
11 Suction line

12 Compressor
13 Suction line valve stem
14 Condenser Inlet

17-5. A hermetic system benig evacuated and charged
by using a gauge manifold. Note the disposable service

cylinder.

(Franklin Mfg. Co.)

(2), or the unit must be cooled (water
ice, or dry ice, or refrigerating unit)

(3) and (4). In any method the refriger-
ant cylinder should be heated (never
an open flame) with hot water.

When charging a partially charged
unit, a little refrigerant should be added
and the unit should then be allowed to
cycle. Proper charge is best indicated

by the frost on the cooling coil and

when the frost line starts to come down
the suction line, purge out a little of

the refrigerant.

The service connection lines must
be absolutely clean and free of air

(moisture). This cleaning can be done

by passing refrigerant through the

lines before the charging refrigerant

is allowed to pass through it. For ex-

ample, in 1, have the valve loose at

(F) and use the cylinder gas in (G) to

blow out the lines. In some models
(F) may be located on the cooling coil

(D) or on the compressor dome (A).

This process works if the service valve

attachment is on the low side.

In part 2, a gear pump is shown
but a vane pump or piston pump may
also be used. It is important that the

refrigerant be carefully weighed as it

goes into the unit. This practice calls

for the cylinder and the water pail (H)

to be mounted or suspended from a

weighing scale.

In part 3, dry ice or water ice (M),

is put in the cooling coil (D) to help

create a low pressure in the system.

This is a slow process which requires

boiling of the refrigerant in the re-

frigerant cylinder (G) and condensing

it in the cooling coil (D).

Part 4 illustrates the charging of a

hermetic system that has atop-mount-
ed condensing unit and a high side

float (L). Ice is put around the high

side float and in the cooling coil. Re-
member that loss of refrigerant means
a leak in the system. Locate and cor-
rect the leak before charging the sys-
tem.

Many of the larger hermetic sys-
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VALVE A

1 Compound gage
2 Pressure gage
3 Test manifold

4 Charging lines

5 Freon drum valve

6 Freon drum
7 Vacuum pump
8 Compressor discharge lines

9 Suction line valve service port

10 Suction line valve

11 Suction line

12 Freezer compressor
13 Suction line valve stem
14 Valve seal cap

17-6. Evacuating and charging a system using a gauge
manifold, a vacuum pump and a disposable refrigerant

cylinder.

(Franklin Mfg. Co.)

terns have service valves. To charge
a system equipped with these service

valves one may use one of two methods.
The system can be evacuated using

its own compressor as a vacuum pump
and then it can be charged. If the re-
frigerator has service valves a gauge

manifold may be used and it may be

charged as shown in Fig. 17-5.

Another method is to use a special

vacuum pump to evacuate the unit and

then charge it. Figure 17-6.

17-10. ADDING OIL TO THE
SYSTEM

Only rarely is it necessary to add

oil to a hermetic system. Occasional-

ly a large refrigerant leak or a leak

that has lasted a long time with a con-

siderable refrigerant loss will make it

necessary to add oil. The leaking re-

frigerant will always carry some oil

with it and the oil (dissolved) must be
replaced. The conventional method of

adding oil to a system may be used if

the hermetic unit is completely equip-
ped with service valves. That is, the
oil can be syphoned in or poured in.

However, some hermetics that have
service valve attachment devices and
provide no means to shut off the flow
of refrigerant may need either one of

the two systems shown in Figure 17-7.

In (1), the correct amount of oil (O) is

put in a service cylinder (G) and a

small amount of refrigerant, the same
as that in the system, is also put in

the cylinder to create a pressure (N).

The cylinder is inverted and connected

by absolutely clean lines to the sys-
tem, (J) to (F). Be sure the cylinder

pressure is higher than the system
pressure. Then open valves (J) and

(F) and the oil will be forced into the

system. In (2), a vane or gear pump
(K) is used to syphon oil out of a clean

and dry graduated container (P) and

force it into service valve attachment

(F). A hand pump may be used to per-

form the same function.

r.
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ing of the unit has determined that there

is some serious mechanical or elec-

trical trouble inside the unit, the unit

should be removed from the cabinet

and taken or sent to some thoroughly

17-8. An appliance truck. A strap (B) that can be

crank tightened; holds appliance in place. In addition to

the wheels, a roller bearing tread (A) is mounted on each

skid to help move the appliance over irregular shapes.

The hand rails are also skids to aid moving the appliance

in and out of trucks.

(Stevens Appliance Truck Co.)

and specially equipped shop for repair.

The best policy is to use a replace-

ment unit while the original is being

repaired. If this cannot be done, sup-

ply the customer with a complete re-

frigerator loaner, while the cabinet and
all of the unit being repaired are taken

to the shop for service and overhaul.

It is of utmost importance to pro-
tect the refrigerating unit while it is

being moved. It is very easy to make
cradles or crates to hold these mech-
anisms. Wooden frames and C clamps
provide an easy means to hold the
parts from being injured while in

transit.

The complete cabinet, if moved,
should be shrouded in a special padded
blanket while being moved in a truck,

then it is mounted in a hand cart to

provide safe and easy moving around a

17-9. Correct method of handling a refrigerator on

stairs. Note how the roller tread assists over stair treads.

(Stevens Appliance Truck Co.)

17-10. Cabinet frame breaker strips. In one case the

plastic breaker strip is held by clips and in the other

drawing the breaker strip is grooved and slips over the

edge of the metal.

(General Electric Co.)

building and up and down stairs.

A truck for moving refrigerators

is shown in Figure 17-8. This truck

has a strap that can be tightened with
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FOOD COMPARTMENT UNER

CABINET SHELL-

SIDE BREAKER STRIP

DUTCH BEND-

FOOD COMPARTMENT LINER

— BREAKER STRIP MOUNTING
SCREW

SIDE BREAKER STRIP

17-11. Three methods of fastening breaker strips to the
cabinet; A. Visible sheet metal screw; B. Breaker strip

and moulding method; C. Clip method.
(Philco Corp.)

a crank. The rails are used as skids

to slide the unit in and out trucks.

See Figure 17-9.

The procedure for removing the

unit from the cabinet varies because:

(1) some of the cooling units are re-

moved from the rear of the cabinet;

(2) some of the cooling units are re-

moved from the front of the cabinet

(by way of the cabinet door).

The refrigerant lines are some-
times run just under the door frame
breaker strips. These breaker strips

must be removed in order to remove
the lines.

These strips are usually made of a
plastic material. Figure 17-10. Sever-
al other designs of cabinet frame break-
er strips are shown in Figure 17-11.
Note the several methods used to fast-

en the breaker strips to the cabinet
shell and the liner.

The breaker strips must be re-
moved very carefully or they will

break. One method of removing these
breaker strips is shown in Figure
17-12. Figure 17-13 illustrates two
tools which are of considerable help

when removing the strips.

SUP AWAY
FROM FLANGE

17-12. How to remove the breaker strips from between

the liner and the shell of the door frame. A. Removing
upper right breaker strip; B. Removing middle right

breaker strip; C. Removing lower right breaker strip.

(Franklin Mfg. Co.)
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The cabinets which have the cool-

ing unit removed from the rear of the

cabinet are not difficult to dismantle.

Cabinets which require removing

the unit from the front of the cabinet

call for great skill and patience on the

part of the service man. The hardest

part is removing and installing the

breaker strips. The mechanism is then

removed as shown in Figure 17-14.

One must be very careful not to link

or buckle the refrigerant lines.

Some cabinets are of the double

door design and the strips between the

17-13. Tools for removing plastic strips on cabinets and
doors.

(Gibson Refrigerator Co.)

two compartments must be removed
before the unit can be taken out. Fig-
ure 17-15 shows this strip being re-
moved. Note the heater wire that pre-
vents sweating of this million plate.

The compressor and condenser are
usually fastened to the rear of the
cabinet by four to six mounting screws
and bolts. Do not abuse the mechanism
while removing these devices, Figure
17-16.

17-12. DISMANTLING THE UNIT

The method of dismantling a her-
metic system varies depending on its

construction. The following general
rules apply to all types of units.

a. CLEAN THE OUTSIDE OF THE
UNIT THOROUGHLY. Mineral spirits,
obtainable from most oil companies,
is probably the best general cleaner.
Carbon tetrachloride is excellent, but
it must be used with caution. A special
booth with a grate bottom, having
drainage facilities, equipped with a

pump and spray nozzle and ventilated,

is a good thing to have in a shop doing

volume work. Local fire and industrial

hygiene regulations must be followed,

so one should obtain permission to in-

stall a cleaning booth if it uses flam-

mable or toxic fluids.

b. REMOVE THE REFRIGERANT.
If the unit is equipped with service

valve, or service valve attachment

plugs, the refrigerant should be purged

into the open through lines equipped

with special oil traps. Do not purge

methyl chloride or any other inflam-

mable gas into a sewer because of the

danger of explosions. In fact, none of

the refrigerants should be released

into a sewer, due to their harmful ef-

fects relative to excluding oxygen or
due to their corrosiveness. They also
carry oil vapors and these oils may
cause fires or explosions in the
sewer system. It is best to release
the refrigerant to the atmosphere. That
is, pipe the refrigerant to the roof of

the building and baffle it so liquid can
never spray on any one. It is very im-
portant to trap the oil by putting a tank

in the line.

17-14. The correct procedure for removing a front-

mounted refrigerating unit from a cabinet. A. Removing
the cooling coil; B. Removing the condenser; C. Remov-
ing the compressor and lifting the cabinet off the re-

frigerant lines.

(Franklin Mfg. Co.)

If the system is not equipped with
valves of any kind, the unit must be
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cut open. Several methods may be used.

One method is to cool the unit (dry or

water ice), put the unit in an exhaust

* ventilated booth and then cut liquid line

at the outlet of the condenser. Another
way is to use a piercing tool. This

tool clamps on the line and is equipped

with a line connection. This tool has a

piercing tool that looks like a valve

17-15. Removing the mullion plate in a two-door cab-

inet. Note the neater wires that warm the mullion to

keep it from sweating.

(Hotpoint Co.)

stem built into it. Simply clamp the

tool on the line, connect the purge line

to it, and tighten the piercing screw
and then release. Figure 17-17. The
small hole pierced in the line will re-

lease all of the refrigerant. One must
be especially cautious of some of the

older hermetics which used sulphur

dioxide as a refrigerant.

Such valves then remain on the line

as permanent fixtures. The seal be-

tween the valve body and line is made
gas tight by means of a synthetic rub-

ber gasket.

c. REMOVING THE OIL. It is not

always necessary to remove the oil.

In fact, it is almost impossible to re-

move all the oil until the unit is open-

ed. However, it may be convenient to

remove the oil especially if the com-
pressor dome must be mounted in a

lathe to be cut open or turned as the

old weld is ground off on a power

BOTTOM COMPRESSOR
MOUNTING BOLTS

17-16. The mounting bolts and screws that must be re-

moved when replacing the refrigerating mechanism.

(Hotpoint Co.)

17-17. An accessory service valve which may be in-

stalled on a hermetic refrigerator by clamping it on a

refrigeration line. A synthetic rubber gasket provides

a gas tight connection between the valve body and

the line.

(Mechanical Refrigeration Enterprises)

grinder. If the system uses sulphur

dioxide it should be evacuated to re-

move the sulphur dioxide dissolved in

the oil. This is one method of remov-
ing the unpleasant odor. If the sealed

unit is of the bolted construction type,

the oil is usually left in the unit until
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it is dismantled. The old oil may be

drained off, carefully measured to as-

sure exact replacement and then stored

in a drum and sold to oil reclaiming

companies. This old oil should never

be used again, unless it is completely

redistilled and thoroughly dehydrated.

If it is positively known that the oil

is clean and dry, it may be stored for

future use in a clean and dry contain-

er IMMEDIATELY after it is removed

from the unit.

d. DISCONNECTING THE LINES.

The lines (liquid and suction) are usual-

ly soft soldered or silver brazed to the

cooling unit and condensing unit. It is

not usually necessary to disconnect the

suction line from the cooling coil. Oc-
casionally, when the liquid line is a

capillary tube, it is advisable to dis-

connect it on both ends. All the open-

ings should be immediately sealed if it

is intended to use lines and parts over

again. This sealing can be done either

by pinching the lines or using expand-
ing corks (synthetic rubber or natural

corks). The openings into the condens-
ing unit should also be plugged to keep
the unit as clean as possible. Masking
tape is sometimes used to temporarily
seal the openings.

requires a large swing lathe with

special mounting brackets on a face-

plate. Some of the domes can be mounted
in a chuck. Some service departments

use a vertical mill with a rotary cutting

tool to cut the weld. See paragraph
12-34, page 315, and Figure 12-24.

Remove a minimum of material as

sufficient base metal must be left for

17-19. A service valve attachment used on semi-her-

metic or hermetic units. A. Opening for a gauge.

the assembly to be arc welded together

again.

After the compressor dome weld is

removed, the dome can usually be lifted

off the base and the motor and com-
pressor exposed. Some of the models
have the dome pressed on the base in

addition to the weld. The dome must,

therefore, be pulled off the base. To
remove a press fit dome, clamps are

generally used to hold the dome and a

17-18. One method of pulling a compressor dome apart.
A. Dome; B. Steel straps; C. Clamp bolts; D. Screw

jaclc; E. Welded joint.

e. OPENING UNITS. The welded
units are easily opened by either grind-
ing away the welded seam or removing
the weld bead by mounting the unit in a
lathe and cutting the weld bead away
with a cutting tool. This latter method

17-20. A service valve attachment and the valve port
to which it attaches.

(Norge Sales Corp.)
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17-21. A valve kit and adapters for use on various

makes of semi-hermetic and hermetic refrigeration units.

(Mueller Brass Co.)

special arbor press, or screw jacks are
used to force the two apart, Figure
17-18. These clamps are made of

heavy strap iron bent to fit the dome
and clamped on tightly by means of

bolts. Most domes have mounting lugs
that can be used with the clamps. It

may occasionally be necessary to weld
lugs on the dome to secure a purchase

LOW-SIDE "T" FITTING

17-22. The use of "T" and "Y" fittings to attach gauges

ro hermetic system. Small orifices prevent any appre-

ciable refrigerant loss.

(Gibson Refrigerator Co.)

point to pull them apart. Hydraulic
pressure is also sometimes used to re-
move the dome. Clean the inside of the
dome thoroughly before proceeding fur-
ther.

17-13. SERVICE VALVES AND
ADAPTERS

Most hermetic refrigerators do not

have service valves. Some have fittings

to which valves may be attached for

service operations, then removed when
the service work has been completed.
Others have no service valves, neither
do they have any provision for fitting

them with valves. However, in orderto
service any type of refrigerator some
service valves must be used. It then

becomes a matter of fitting the neces-
sary valves to the mechanism. Com-
mercially there are valve attachments
which can be fitted to any mechanism.
Figure 17-19 and 17-20 illustrate ser-
vice valve attachments which may be
installed on refrigerators which have
fittings for service valves. It should be

noted that for these refrigerators the

adaptor provides a means of operating

the valve in the mechanism, also it

provides an opening for a service gauge

or a refrigerant cylinder or both. Fig-

ure 17-21 shows an assortment of valve

adaptors which will enable the service

man to make proper valve connections

on any refrigerators which have fittings

for valve adaptors.
A way to attach gauges to a her-

metic system is shown in Figure 17-22.

The T and XY fittings are connected to

the compressor body with pipe threads.

A flare connection is used to attach the

refrigerant lines. The third opening is

capped with a \ in. flare cap. The open-
ing in the fitting at this connection is

very small. If the machine is adjusted

to produce close to atmospheric pres-

sures, and these caps are removed,
the gauge or manifold lines may be at-

tached without losing any appreciable
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amount of refrigerant. The unit should

be idle for several minutes before in-

stalling the lines or removing them.

Furthermore, the connecting lines

should be purged before tightening the

connectors.

17-14. REPAIRING HERMETICS
IN THE FIELD

One company has a new technique

for servicing hermetics in the field.

Their method enables a trained ser-

viceman to replace the motor-com-

pressor unit, or any other part of the

mechanism without removing the re-

frigerator from the premises. For ex-

ample, if the motor-compressor needs

replacing, a special unit is obtained

PROCESS TUBE LOOP
X

17-23. A replacement motor-compressor equipped wi

a manifold valve system.

(Philco Corp.)

ith

that can easily be substituted for the
malfunctioning motor-compressor. A
replacement unit is shown in Fig.
17-23. A diagrammatic view of its as-
sembly is shown in Fig. 17-24. The
unit comes equipped with the special
valve shown. It is very similar to the

PROCESS VALVE
PORT

PROCESS VALVE
PORT

MOTOR
COMPRESSOR

17-24. A schematic diagram of a replacement motor-

compressor equipped with a valve manifold.

(Philco Corp.)

gauge manifold valve system used for

servicing (Chapter 11). Note that the

discharge and suction opening lines are

soldered together. The valves are two-

way valves. Turned all the way in, the

valve closes the opening to the com-
pressor. Turned all the way out the

valve closes the opening to process

valve port (gauge openings).

The poor unit is removed by cut-

ting the condenser and suction lines

in such a place along the tubing that

these lines can be re-soldered to the

replacement tubing. The lines are first

pinched, then wrapped in cloth and

17-25. Pinching the suction line prior to wrapping it

in cloth and breaking it.

(Philco Corp.)
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finally bent sharply at the pinch to

sever them. Sawing is not recommend-
ed as chips may cause internal dam-

*age, Figure 17-25. The cut lines with

the old unit now separated from the

system is shown in Figure 17-26 with

the lines sealed by piriching them firm-

ly. After the new motor-compressor
has been installed and the joints care-

fully soldered, the system must be

carefully checked for leaks. It must be

cleaned of air and moisture, and it

must be charged. Figure 17-27 illus-

trates the connections necessary to

perform these operations. The Freon-

12 cylinder must contain clean refrig-

erant. The drier must have fresh, clean

17-26. The old motor-compressor removed and its re-

frigerant lines sealed by pinching. This protects the

internal structure of the unit for shipment.

(Philco Corp.)

desiccant and the connections must be

tight. The manifold valves remain turn-

ed all the way in. To check for leaks

valve V2 is kept closed. A pressure of

50 psig is built up in the lines and cool-
ing coil.

To purge the unit, valve V~2 is open-
ed and then the Freon- 12 cylinder valve
is opened. One should purge several
times to insure complete cleanliness

and dryness.

To remove the service lines, close

both V*2 and V^ and then turn the mani-
fold valves all the way out. All the lines

gaugecan now be removed and the

opening ports can be capped.
To charge the system connect as

shown in Figure 17-28. Note that the
cylinder is connected to the suction
side. With the manifold valve in its

position, the compressor is removing
refrigerant from both the cooling coil

and the refrigerant cylinder.

17-15. REPAIRING THE MOTOR

The most common trouble with her-
metic mechanisms is a burned (over-

heated) motor. When the windings over-
heat, the insulation is destroyed and the

stator coils short and ground. If the

motor starting winding or running wind-
ing is faulty, the stator must be dis-

mantled and rewired (rewound) or re-

placed. Specialists should do the re-
winding. The wire must be exactly

similar to the original, the same size

and the same insulation.

Replacement or exchange stators

are obtainable for most hermetic mot-
ors.

A burned out motor always means
that the system has considerable

foreign matter throughout. The system
must be completely dismantled and

thoroughly cleaned.

CONDENSER

DISCHARGE

17-27. The connections needed to test for leaks and

to purge the system.

(Philco Corp.)
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adjusted. Check the amount of lift be-
fore dismantling the valve (dial indi-

cator). Too little valve lift will result

tin an inefficiently running compressor,
and overheating. .

A check valve can be checked much
the same way. Becaus'e it is*very im-
portant to keep these units as quiet as

possible, the bearing and bushing clear-

ances must be as small as possible

17-30. Diagram of parts and adjustments on a hermetic
rotary compressor. A. Housing; B. Rotor; C. Blades; D.
Exhaust port; E. Bolts; F. Dowel pin; I. Intake port; X.

Contact point between rotor and housing.

(main bearings, connecting rod bear-
ings, piston pin bushings and piston

clearances).

It is sometimes necessary to use
an accurate engine lathe, and external

grinder to achieve good results. Ac-
curate micrometers are also of the ut-

most importance in order that the

clearances and tolerances necessary
for good performance may be obtained.

The main bodies or parts of the

compressor are usually made of cast

iron, the valves of spring steel, and
the piston pins of high carbon steel

(some repair shops use drill rod as

replacement piston pins). If the re-

placed part is a moving part, it should

be exactly the same weight as the old

part, to keep dynamic vibrations to a

minimum.

End play must be kept small to

eliminate end play slap.

The oil pump must be in excellent
condition and its pumping action check-
ed.

17-18. REPAIRING A HERMETIC
ROTARY COMPRESSOR

The instructions in Paragraph 17-

15 also are true in the main for rotary
compressors. In addition the rotating

vane type of rotary compressor has two
additional repair features:

a. The positioning of the roller

housing to accurately locate the con-
tact spot between the concentric roller

and the eccentric housing is very im-
portant. In Figure 17-30 the contact

point X must be very carefully ad-
justed. In this drawing four cap screws
hold the housing (A) and an end plate

up against the main housing. Point F
is a dowel pin. The assembly is snugly
assembled and the housing is lightly

tapped until the rotor B binds when
the shaft is turned by hand or by the

electric motor. Then the housing is re-

lieved a very , very little by tapping

opposite to X until the binding is re-

leased.

b. The vanes C must be accurately

fitted to the roller (B) and the housing

(A). These vanes (C) must match very

accurately in length to the roller (B)

length and the housing length (A). The
vanes must also fit the slots in the

roller accurately. They cannot be too

long or they will bind as they pass

point (X). If they are too short they

will permit blow-by as they pass point

(X). The length of the vanes must ex-

actly match the length of the roller

and the length of the housing to prevent

gas leakage past the ends of the blades.

The single or stationary vane type

compressor has much the same fit

problem as the rotating vane type. The
parts must be accurately fitted to-

gether. The main bearing or main
bearings must be in excellent condi-

tion. The length of the roller, the
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housing and the vane must be ex-

tremely accurately matched. There

must be no evidence of scoring.

The vane is usually spring loaded

to keep it riding on the roller. If this

spring is too weak, it will allow the

gas to by-pass the vane and will cause

a loud clicking noise. If it is too strong

it will cause an unnecessary load on

the roller and cause rapid wear. Dowel

pins are used to align the housing with

the shaft.

17-32. An adjustable capillary valve.

(Standard Refrigeration Co.)

previously, the indication of a leaky

check valve is the rapid warming of

the suction line as soon as the com-
pressor stops due to the warm oil

backing into the suction line. Another
indication is the defrosting of the cool-

ing coil starting at the suction line

connection of the cooling coil.

Whenever possible replace the de-

fective check valve. Always test the

check valve for leaks by using the air

pressure or vacuum test in a manner
similar to the way a compressor valve

is tested.

See Chapter 5 for more information

on check valves.

17-31. A high pressure side float refrigerant control.
A. Inlet; B. Outlet; C. Purging and service valve at-

tachment fitting.

(Aminco Refrigeration Products)

Both of these compressors need
sufficient oil at all times to keep the
parts in a constant oil bath. It is

necessary to clean all the oil passages
and to clean or replace the oil meter-
ing screws.

17-19. SERVICING CHECK VALVES

All rotary compressors are equip-
ped with check valves in the suction
line or in the suction passages. This
check valve prevents the oil in the
compressor from backing into the suc-
tion line and up into the cooling coil,

during the off cycle. As mentioned

17-20. SERVICING HIGH SIDE
FLOATS

The operation of the high side float

is described in Chapter 5. A defective

high side float should be replaced.

Whether the float is collapsed, leak-

ing, or whether the needle and seat

are stuck open or shut or leaking, the

best practice is to put in a new float

assembly. A typical universal replace-

ment high side float unit is illustrated

in Fig. 17-31.

17-21. SERVICING CAPILLARY
TUBES

Broken or clogged capillary tubes

are the most common troubles en-
countered. These capillary tubes are
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17-33. The internal design of the adjustment used on

the capillary tube. A. Shows the complete assembly;

B. Shows how the adjustment operates.

(Allen Mfg. Co.)

replaced by installing either a new
correctly sized capillary tube or an
adjustable capillary tube. Fig. 17-32.

This control has a strainer mounted
in the inlet fitting. Another type of

adjustable capillary tube is shown in

Fig. 17-33.

To check a capillary tube for re-

strictions compare its pressure drop
with the pressure drop of a new tube

of like specifications, using the same
refrigerant and the same inlet pres-
sure.

17-22. DRYERS AND FILTERS

It is important to keep the inside of

a refrigeration mechanism as chemic-
ally clean as possible. When the sys-
tem is overhauled the parts should be

dehydrated and evacuated after assem-
bly, but there are many crevices and
corners that are almost impossible to

clean out. Furthermore, whenever
gauges are put on a system, it is diffi-

cult to prevent foreign matter from
entering the system.

The only positive method of keep-
ing the system clean and dry inside is

to install dryers and filters in the re-

frigerant circuit. A solid moisture ab-
sorbent will usually do a very satis-

factory job. Silica gel is an excellent

moisture absorber. This silica gel

must be of the very best quality as it

must not decompose to dust and start

circulating with the refrigerant. One
company has produced a bead silica

gel that gives excellent results.

One can easily determine if a dryer
is absorbing water as it will become
warm as it absorbs moisture.

It is very important that one never

use a liquid drying agent in a unit

equipped with solid desiccant. The
liquid dryer chemical will go into the

solid desiccant and release the mois-
ture already trapped in the dryer. For
the same reason, a solid desiccant

should not be put in a system that al-

ready has a liquid dryer. To avoid this

practice, the systems should be label-

ed when a liquid drying agent has been

added.

Activated alumina may be used with

good results as a desiccant. It also has

the advantage of reacting with any

acids formed in the system. Calcium

chloride is an excellent dryer but it

can not be left in the system as it will

decompose and start circulating. It is

an excellent temporary dryer if it is

removed in a short time (24 hours,

approximately). The moisture absor-

bent properties of these desiccants are

shown in Figure 17-34.

Anhydrous calcium sulphate has

also been successfully used as desic-

cant. It can be left in the system per-

manently.

The Refrigeration Electrical Manu-

facturers Association has recommend-
ed that dehydrators be rated as to

cubic inches of desiccant. Figure 17-

35 shows the cubic content correspond-

ing to the horse power for which each

size dryer is recommended.
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Desiccant

Absorption From
Liquid, % of its

Mesh Refrigerants Own Weight

Silica gel 8-20 S,M or F

Calcium Sulphate 4-6 M or F

Activated Alumina 8-10 S,M or F

Calcium Chloride* 12

Calcium Oxide* M or F

^Temporary installation only

16
6.6

12

100

17-34. Dryers (desiccants) and their physical properties. S is sulphur dioxide; M is methyl chloride and F is for

the Freon refrigerants.

Dryers which are installed tem-

porarily should be of the refillable

type (preferably bolted), while the per-

manently installed dryers should be of

the non- refillable type. All dryers are

sealed by the manufacturer. Do not

open them until immediately before

their installation.

Dryers absorb water faster at low-

er temperatures. If at all possible, the

dryer should be installed inside the re-

frigerator just ahead of the refrigerant

control.

Strainers are of several types. The
screen type is most popular. It is usu-

ally made of bronze, brass or monel
wire and should be 100 to 120 mesh.
That is, there should be 100 openings

along a one inch rule length, therefore

10,000 holes per square inch. The
popular screens are 100 x 90, 100 xioo,

120 x 108 and 120 x 120. The wire is

usually .004 to .005 diameter. This
size wire means the openings are about
.005 square. Felts may be used. These
felts are about 1/8 inch thick and should
be made of special felt material. Wool
batt is used to filter in some dryers.
One company has a specially processed
coarse cotton yarn wound in a diamond
pattern over a metal frame. One of the

latest filters makes use of powdered
metal castings.

17-23. ASSEMBLING THE SYSTEM

Insuring cleanliness of all the in-

ternal parts of the mechanism is one

of the most important steps in the as-

sembly process. The inside of the

compressor and the motor windings

are usually the hardest parts to clean.

A mineral spirits spray using an air
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with a synthetic rubber tip can be held

against the inlet opening of the unit

while checking its pumping ability. A
* similarly equipped high pressure gauge

may also be used on certain models.

Running the motor provides a check

of the electrical workfbr opens, shorts,

grounds and suitable power.

17-24. WELDING COMPRESSOR
DOME

After the compressor has been

checked, the dome can be welded in

place. The best method of sealing the

dome is arc welding. The speed with

which arc welding may be accomplish-

ed allows only a very minimum of heat

to go to the interior of the dome (com-
pressor and winding). Brazing, gas

welding, and silver brazing with a gas

flame are slower and may in some
cases overheat the wiring and ruin the

insulation. A good safety practice is to

bleed the dome with CO gas or nitro-

gen gas while the welding is being done

to prevent an explosive mixture of oil

fumes and air from collecting, Fig.

17-36. It is also important to cool the

weld as quickly as possible after the

weld is completed. Avoid the use of

water. Use a damp cloth, a large block

of copper, stream of cool air, or other

means. Use reverse polarity coated

electrodes during arc welding to mini-

mize the heat that is released into the

dome metal. It is very important to

clean the metal surfaces for at least

one half inch on each side of the weld

to prevent dirt inclusions as these may
cause blow holes which will leak. The
welding should be done by a very ex-

perienced welder. The welding station

must be well ventilated or the operator

will develop respiratory illnesses. The
arc must be shielded from eyes of

passers-by. Do all the welding with the

weld in the downhand position; i.e.,

turn the dome as the welding progress-

es. After the welding is completed, the
motor should be tested again for run-
ning characteristics.

Some repairmen weld domes as they
are slowing turning in the lathe. Tack
weld the dome in at least three equally
spaced places before proceeding with
the welding.

17-25. CONNECTING TUBING

After the motor-compressor dome
has been assembled and welded, the

suction tubing and the condenser tub-

ing must be fastened to the dome.
These joints are best fastened by

silver brazing. Silver brazing methods
are described in Chapter 2. It is very
important to remember that the joint

must be clean, the parts must be
securely mounted to prevent movement
during brazing, and both parts to be
joined must be brought up to the cor-
rect temperature at the same time
(the compressor end of the joint usual-
ly requires more heat). Good silver

brazing can only be achieved by prac-
ticing the correct method.

F5CAP/NG COj

17-36. Welding a hermetic dome. A. Arc welded seam;

B. Dome flange. Always clean all the surfaces before

welding. Note the COj being used as a flushing gas

to prevent the collecting of explosive mixtures.

17-26. CHECKING LEAKS

After the unit has been assembled
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it should be checked very carefully for

leaks. There are several ways to do

this testing. Carbon dioxide or nitrogen

may be used; it is charged into the unit

through the attachment or auxiliary

valves. Build up a 20 to 30 psig pres-

sure and test for leaks by immersing

the unit in a water tank or by using

soap suds. Then increase the pres-

sure to 75 or 100 psig and check.

Finally raise the pressure to 200 to

250 psig and check carefully for leaks

again. Figure 17-37.

There is an element of danger in

this operation in that the high pres-

sures may cause serious injury to the

tester if the unit should suddenly fail.

It is therefore important to build up

the pressure while standing in a safe

place and also to use a high side wall

on the tank to deflect any sudden

eruption. Following the test it is ne-

cessary to thoroughly evacuate the

17-37. Testing a rebuilt hermetic system for leaks. A.
Water tank; B. Air compressor or inert gas source; C.
Submerged refrigerating unit; D. Refrigerating lines;

E. Water level.

system since all gas used in the test

must be removed from the system.
Most companies prefer to use a re-

frigerant to test for leaks. A process
similar to the one stated before is used,
but a sensitive leak detector is used
instead of soap suds or water. Note
that the unit is checked for leaks be-
fore it is evacuated as any leaks would
allow air and moisture to enter the

system during evacuation or pump-
down, Figure 17-38.

If a leak is detected and repaired

it is of vital importance to check the

complete unit for leaks again.

n

^=

17-38. Preparing a system for testing for leaks with a

leak detector. A. Refrigerating system; B. F-12 cylin-

der; C. Vacuum pump.

17-27. EVACUATING AND
DRYING THE UNIT

The evacuating and drying of the

unit is probably the most important

part of all the assembly work. As
closely as possible, the system should

be absolutely 100% clear of air, mois-
ture and other foreign matter. The
steps to accomplish the result are as

follows:

1. Evacuate the unit.

2. Charge with C02 to 50 to 100

pounds per square inch.

3. Evacuate the unit.

4. Charge with refrigerant gas (no

liquid).

5. Evacuate the unit (warm the

unit).

It must be remembered that the

most careful evacuating and purging

will not clean a unit that was care-

lessly put together allowing dirt to be

left in the system.

A very good vacuum pump should

be used to remove as much air as

possible from the unit. A rotary pump,
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17-39. A portable vacuum pump is used to remove air

or refrigerant from a system. This is a rotary compressor
directly driven by a motor. Note the line connection

and the combination handle and stand.

(Frigidaire Div., General Motors Corp.)

due to its minimum clearance cham-
ber on the evacuating side will produce

the lowest or best vacuum in most

cases, Figure 17-39. However, the

best of pumps will not remove all the

air. A pump that will produce a 28

inch vacuum is only removing 28/30

of the air or 93%. Furthermore, with

a 28 inch vacuum any moisture particles

must be heated to 100 F. before they

will evaporate and thus be pumped out

as water vapor.

To remove the moisture one must
heat the unit to some temperature that

will not only vaporize it but will drive

the moisture out of those little cracks
and crevices that exist in numerous
quantities in all units. For the same
reason, the unit should be run for

part or all of this operation to insure

that all pockets in the compressor and

in the bearings are agitated to release

pocketed air plus warming the motor
windings which are probably the great-

est source of trapped moisture. It is

considered good practice to evacuate

for 8 hours at 250 F. or for 24 hours

at 150 F. A drying oven, temperature

controlled, is of utmost importance,

Chapter 12. Carbon dioxide has an af-

finity or attraction for moisture and

circulating it in the system helps to

reduce this problem.

To eliminate more of the air, charge

some refrigerant into the system. Next,

17-40. An indicator used to show the presence of mois-

ture in a system. The lower left fitting connects to the

service gauge opening. If the system refrigerant con-

tains moisture and if some is purged through the green

desiccant in the plastic cylinder, the chemical will turn

purple.

(The Mclntire Co.)

17-41. A monel screen pencil strainer that may be

silver brazed into hermetic system lines.

(The Mclntire Co.)

evacuate the system again. This will

take out more of the air and only about

.8% of the original air will now re-

main in the system. The remaining air

may best be removed by purging the

condenser after the system has been

in operation for a short time.

There is a device on the market

which will indicate moisture in the

system. It is a silica gel cartridge

using a litmus solution and if the re-

frigerant or air is passed through it,

any moisture will cause the silica gel

to discolor. See Figure 17-40.
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A small efficient pencil type strain-

er designed for hermetic systems is

shown in Fig. 17-41. This unit may be

silver brazed into the refrigerant cir-

cuit without injury to the strainer.

Figure 17-42 illustrates a dehy-

drating and indicating system which

may be used in the drying of any re-

frigerating system.

Figure 17-43 illustrates diagram-

matically how the dehydrating and in-

dicating system should be connected to

the refrigerating circuit.

17-42. A specially designed apparatus used to de-
hydrate any refrigerating system. It incorporates a
moisture indicator which accurately indicates the mois-

ture content in the system.
(The Mclntire Co.)

By means of this system, the re-
frigerant can be circulated through the
oversize dryer by positioning the valves
shown. Then after the system has been
operated for several hours, the test
unit can be fed some of the refrigerant.
If there is still moisture in the re-
frigerant, the green colored crystals
in the test tube will change to a purple

L
1
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hydrator line valves and opening the

middle valve.

Figure 17-44 illustrates a dehydrat-

»or and indicating system which is con-

nected permanently into the liquid line

of a commercial unit. Such a unit

makes it possible to continually dry

the refrigerant and to test it for mois-
ture at any time.

17-28. CHARGING THE UNIT

It is usual practice to charge the

unit with oil before adding the refrig-

erant. The correct amount of oil is

very important. A lack of oil will

shorten the life of the mechanism, in-

crease friction and cause noise. An
overcharge of oil will cause the com-
pressor to pump excessive amounts of

oil reducing its refrigerant pumping

capacity and also subject the com-
pressor valves to severe strain. It

will frequently require some study to

determine the amount of oil charge. One

of the best methods is to measure the

oil removed from the unit at the time

the unit is dismantled, also notice the

oil level mark inside the unit and es-

timate the oil volume. Gene rally speak-

ing, a rotary compressor uses between

20 and 30 ounces of oil. However, these

figures are very general and the re-

pairman is cautioned to use good judg-

ment.

Since oil must stay in the system

for years, it is vitally important to

use the best lubricant obtainable. All

of the reputable oil companies produce

quite satisfactory refrigerant oils. Re-

member to clean all the charging lines.

Refrigerant oils are available in sever-

al viscosities (ease of flow at different

temperatures). Be sure to use the man-
ufacturer's recommendations of vis-

cosity for the refrigerant being used.

See Chapter 2.

The unit should be charged in the

same manner described in Chapter 2

for adding refrigerant to the system.
The exact charge required should be
ascertained from the manufacturer, or
from the identification plate on the

unit. This exact charge should be placed

i 7-45. A charging board used for accurately charging

hermetic systems.

(Airserco Mfg. Co.)

in a clean charging cylinder and then

transferred into the system.

Figure 17-45 illustrates a practical

charging board for accurately measur-
ing the amount of refrigerant or oil

charged into a system. This method

provides greater accuracy than is pos-

sible if charging directly from a stor-

age cylinder into the system. Remem-
ber to use clean lines, purged of all

air, for transfer purposes.

17-29. TESTING THE UNIT

After the unit has been assembled,

tested, evacuated and charged, it should

be run with thermostatic control for at

least 24 hours to ascertain its behavior.

A recording thermometer is of great

help during this operation to enable the

repairman to know what is happening

during the entire test period. Many
service men neglect this very import-

ant part of repair work. Figure 17-46,

shows a 72 hour temperature recorder.

399



MODERN REFRIGERATION, AIR CONDITIONING

The recorder is put in the refrigerator

and it is connected to a wall plug and

the refrigerator cord is then connected

to the special socket on the cord, Fig-

ure 17-47. The chart is a three (3) day

17-46. A recording thermometer. It records the tem-

peratures and indicates the cycling intervals on a 72 hour

basis.

(The Bristol Co.)

chart and it shows not only the cabinet

temperature at all times but the other

needle records the running times of the

unit. If possible, the cabinet should be

placed in a 100 F. room for this test.

If a cabinet is not used the cooling

coil may be covered with a canvas bag

to provide a load situation similar to

what the unit will encounter in actual

O^H

RECORDER CORD

P:

service. The testing room should be a

quiet room in order to aid in checking

for noise.

This testing should also include

close observation of the temperature

of the dome, the lines, and the even

frosting of the cooling coil.

An ammeter and voltmeter or a

wattmeter should be used to check the

electrical section of the unit. See

Chapter 7.

17-30. REVIEW QUESTIONS

1. Do all hermetic systems have

service valves?

2. Which refrigerant is in most
common use in hermetic units

being built today (19 55)?

3. Why are some of the condenser

air passages controlled by ducts ?

4. How many cooling coils are used

in domestic refrigerator cabi-

nets?

5. What happens to the suction line

when a rotary compressor check
valve leaks?

6. What causes tubing to create

noise?

7. How may a motor-compressor
dome be opened?

8. What is a good device to clean

the outside of the mechanism?
9. How should the hermetic mech-

anism be prepared for moving?
10. What is the most popular meth-

od of sealing tubing joints in

hermetic servicing?

17-47. An installation diagram of temperature recorder.

(The Bristol Co.)
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Chapter T8

COMMERCIAL

REFRIGERATION

APPLICATION

One of the- broadest fields of re-

frigeration is that of commercial re-

frigeration. This field includes all

automatic refrigerating mechanisms
other than the domestic or household

type; also the comfort cooling field. The
field that sometimes is confused with

commercial refrigeration is the in-

dustrial field. This latter field uses

those refrigerating machines which

need an attendant, usually a licensed

refrigeration engineer, on the job con-

stantly. Industrial plants are manually

operated refrigeration machines and

are commonly used for ice making,

large storage houses, packing houses,

industrial plants, and ice cream manu-
facturing plants. Only the commercial
field will be studied in this chapter.

18-1. HISTORY OF COMMERCIAL
REFRIGERATION

The first refrigerators used for

commercial purposes were small
semi-automatic ammonia machines.
These machines were used for large

meat markets and purposes of a simi-
lar nature. These appeared between
1913 and 1915 and filled a very definite

need. The mechanism was not totally

satisfactory, however, because the in-

stallation usually required that a com-
petent refrigerator mechanic or en-

gineer be on the premises, or the
owner in some localities was required
to have an operator's license. Also the

cost of the mechanism was considered
to be quite high. When the small
domestic machines were first experi-
mented with between 1916 and 1920 the

possibility of using them for various
commercial purposes was very quickly
realized. Soon thereafter the first auto-

matic refrigerators were produced for

ice cream cabinets (1920-21). These
quickly took the place of the old ice

and salt mixtures previously used for

ice cream storage. The Nizer Cor-
poration of Detroit was one of the first

successful manufacturers of this type of

machine. This company merged later

with Kelvinator, who continued the

manufacture of these machines for a

short time. The Frigidaire Corpora-
tion similarly produced products for

this field, followed not long after by
the Servel and Copeland companies.
The second most important use for

commercial refrigeration was for the

water-cooling machine and the small
automatic machines for grocery and

walk-in refrigerator cabinets.

In 1923 mechanical refrigeration

made its first real impression on this

market, which has grown rapidly since

that time. Also the various types of

commercial refrigerating equipment
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have increased and now include such

installations as ice cream making,

milk coolers, and beverage coolers.

Figure 18-1 illustrates a water-cooled

condensing unit suitable for commer-

18-1. A modern commercial condensing unit. It has a

two-belt drive, a four-cylinder, V-type compressor, and

a cleanable tube within a tube water cooled condenser.

(Tecumseh Products Co.)

cial refrigeration. Although the future

possibilities of commercial refrigera-

tion are hard to predict, the leaders

of the industry are very optimistic as

to its future.

18-2. SCOPE OF COMMERCIAL
REFRIGERATION

The commercial refrigeration field

covers a multitude of applications.

It is used for the long storage or
short storage, or display of the follow-

ing:

Fresh foods:

1. Meats
2. Vegetables

3. Fruits

4. Candy
5. Poultry

It is used for freezing or storing the
following:

1

.

Meats
2. Vegetables

3. Fruits

4. Poultry

5. Ice Cream
It is used for cooling water for:

1. Drinking

2. Air conditioning

3. Machine Tools

4. Heat treatment

It is used for storage or display of:

1. Milk

2. Bacteriologicals

The cabinets are usually made of

steel inner and outer shells, reinforced

with steel or wood frame and insulation

installed between the shells.

The cabinets used for display are

built with windows or are open at the

top for display and easy access.

Another way to classify commercial
refrigeration is by the commercial
businesses that use the equipment. This

classification is as follows:

Grocery Stores:

Reach-in Cabinets

Display Cases
Ice Cream Cabinets

Frozen Food Cases
Meat Markets:

Walk-in Cooler

Reach-in Cabinet

Display Cases
Super Markets:

Walk-in Cooler

Reach-in Cabinet

Closed Display Cases
Open Display Cases
Frozen Food Cases
Frozen Food Display Cases

Restaurants:

Walk-in Coolers

Reach-in Cabinets

Frozen Food Cases
Water Coolers

Beverage Coolers

Ice Cream Cabinets

Ice Makers
Salad Pans

Drug Stores:

Ice Cream Cabinets

Bacteriological Cabinets

Soda Fountains

Water Coolers

Farm Cabinets:

Freezers
Frozen Food Cabinets

Milk Coolers
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Locker Plants:

Chill Rooms
Aging Rooms

* Fast Freezers
Frozen Food Storage

Frozen Food Display, Cases
Trucks -** .

Ice Cream Parlors

Frozen Custard Stands

Metal Working Plants:

Heat Testing

Machine Coolants

Bakeries:

Dough Retarding

Fur Storage

The three main differences between
the domestic and commercial refriger-

ation machines are:

1. Multiple installations, that is.

the same condensing unit maybe
connected to two or more cooling
coils.

2. Water-cooled condensers and
compressor heads are commonly
used.

3. The commercial machines on the

average are largerthan the dom-
estic machines, and are made up
to as much as 2 5 tons of re-
frigeration capacity.

The mechanism in brief is very
similar to the domestic mechanism and
includes:

a) compressors
b) condensers
c) liquid receivers

d) cooling units

e) refrigerant controls

^-ttfiMV

18-2. A typical non-code commercial installation.

(Copeland Refrigeration Corp.)
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f) servicing valves

g) motor controls

h) multiple valves

i) motors

j) water valves

Figure 18-2 illustrates a typical

non-code commercial installation. This

installation involves a water-cooled

compressor and condenser, driven by

a 1 H.P. motor and cools a walk-inbox,

a display counter, and a grocery box.

As shown, the system has three cooling

coils and one condensing unit. To be

water-cooled the condensing unit must

be connected to a water supply. An

automatic water valve regulates the

flow of water. The motor will probably

be connected to the local power system

through a starting relay and must be

installed according to code. A suction

line of |-inch or 5/8-inch O.D. in

conjunction with a 1/4-inch O.D. liquid

line are run to these cooling units.

Shut-off valves are located at the

junctions of the cooling coil lines to the

main suction and liquid lines. These
are finned natural convection cooling

coils using thermostatic expansion

valves.

Two kinds of refrigerant controls

are suitable for use in multiple in-

stallations. These are the low side

float and thermostatic expansion valve.

Manifolds with hand shut-off valves are
recommended in these installations.

18-3. COMMERCIAL CABINET
CONSTRUCTION

Inasmuch as commercial refriger-

ation covers a considerable number of

applications, a study of the various
cabinets used in these applications is

necessary. There are many different

sizes, shapes, and styles of cabinets

used for a number of different applica-

tions. Some classifications are:

grocery cabinets; grocery display

counters; walk-in boxes for storage

purposes, fresh meat preservation and

for beverage and milk storage pur-

poses; display counters formeats of all

kinds, including a special type for

fresh fish, also a type which uses the

lower part of the display counter for

storage purposes; apartment house re-

frigerator cabinets; ice cream cab-

inets; soda fountains in which com-

partments of different temperatures

are maintained; water-cooler cabinets

or fountains which must have a peculiar

style of construction to facilitate in-

sulation; motor trucks whose bodies

must be of insulated construction to

produce economy of refrigeration; and

railway trains of refrigerated cars of

special refrigeration construction. The

display of very cold or frozen foods is

a new and ever increasing application of

commercial refrigeration.

1

18-3. A reach-in cabinet with a self-contained condens-

ing unit mounted in the lower left section.

(Koch Refrigerators, Inc.)
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18-6. A reach-in cabinet designed to store and refrigerate a variety of foods.

(McCall Refrigerator Corp.)

minimum of 35 F. and a maximum of

45 F.

A reach-in cabinet that is popular

for smaller grocery stores and mar-
kets is shown in Fig. 18-6. It has four

half doors and one full height door.

The cooling coil is the blower type and

is mounted in a vertical position per-

pendicular to the half doors. This cir-

cuit uses a remote condensing unit.

The full height door permits storing

beef quarters, etc.

18-5. WALK-IN COOLERS

Meat markets usually have a re-
frigerated cabinet or walk-in cabinet
in which to store meat and other
perishable products. These cabinets
have large doors and windows and are
sometimes classified as butcher boxes.
The size of these cabinets varies to

quite an extent, but two heights are
standard; 9 feet 10 inches and 7 feet 6

inches exterior dimension. These boxes
are called the "knock-down style"
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inside.

In addition to the entrance doors,

these boxes are equipped with small
ach-in doors, usually with double or

triple glass. That is, instead of having

a cork lining, these doors have two or
three panes of glass arranged in such a

way that they are air-tight, and for one

or two air spaces respectively between
them. Plate glass is usually used;

special chemicals, such as calcium
chloride, are used to keep the spaces
between the panes free from moisture.

The cooling unit for these boxes is

usually mounted overhead inside the

cabinet, with a baffle constructed to

An ultra-violet ray lamp used in refrigerators to

minimize bacteria growth.

(Ultra Violet Products, Inc.)

18-7. A walk-in cooler of steel construction.

(McCray Refrigerator Co.. Inc.)

promote good air circulation around it.

An overhead bunker door is provided

in the older models to permit access to

this space. Its size is standardized at

27 inches wide minimum and 28 to 36

inches high. Some of these walk-in

coolers have a side mounted cooling

unit which has a vertical baffle located

between it and the main portion of the

cabinet interior. Forced convection

cooling units are also used in these

cabinets, as such an installation elim-

inates any need for a baffle.

The temperature maintained in this

type of cabinet depends upon the use.

For meat storage or fresh produce

storage, a temperature of between

35 F. and 40 F. is essential and a

relative humidity of about 80 per cent

should be kept. A certain air movement
is necessary to prevent mold, etc.

18-9. An ultra-violet lamp being used in a refrigerator

cabinet.

(Ultra Violet Products, Inc.)

Ultra-violet lamps are also used to

keep bacteria and mold growth to a

minimum. See Figure 18-8 and Figure

18-9. An 18" tube will give good pro-

tection to a cabinet 10 x 10 x 12.

Another method of cleaning the air and

reducing mold and bacteria is to use

an activated carbon filter, Fig. 18-10.

For milk storage, beer cooling, and

other service in which the dehydration
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of foods is not important, colder tem-

peratures may be used as desired and

less attention may be paid to relative

humidity. The natural convection cool-

ing coils used in these cabinets usually

cabinets and walk-in coolers in three

ways. First, the temperatures within

the cabinet may be kept much higher

than those in the other types of boxes.

Temperatures between 55 F. and 58 F.

are quite common. Second, the thick-

ness of the insulation for these cab-

inets, as a result of the lesser tem-
perature difference, is usually but 1 to

2 inches thick. Third, these cabinets

are made with an extensive amount of

window surface, permitting an easy

18-10. An activated carbon filter used for cleaning

air in a refrigerator cabinet.

(W. B. Connor Engineering Corp.)

use 1/2-inch fin spacings and vary
between 6 inches to 16 inches in depth,

Fig. 18-11.

18-6. FLORIST CABINETS

Florists' cabinets vary in size and
construction; they differ from grocery

18-12. A florist's display refrigerator.

(McCray Refrigerator Co., Inc.

18-11. A finned natural convection cooling coi
(Frigidaire Div., General Motors Corp.)

18-13. An activated carbon air filter installed in florist

cabinet. Also, note the cooling coils, the hangers and

the drains.

(W. B. Connor Engineering Corp.)
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display of cut flowers within the cab-
inet, Fig. 18-12. Humidity is an im-
portant factor in a florist's cabinet,

*6md should be kept as high as possible

in order to retard evaporation from the

surface of the leaves and flowers.

Many florist cases uses odor-'removing
devices to prevent contamination of the

flowers. An activated carbon filter is

popular because it reduces mold
growth, neutralizes ethylene and ex-

tracts the gases and odors given off by
the flowers, Figure 18-13.

18-14. Cross section of glass enclosed display case.

(Detroit Controls Corp.)

18-7. DISPLAY CASES

lights will not increase the refrigerat-
ing load.

There are several different types of

display cases. These cases vary as to
design, length and height. There are
three basically different types:

1. Glass enclosed display case only.

2. Glass enclosed display case and
storage cabinet.

3. Open display cases.

a. For fresh produce
b. For frozen foods.

Display cases are sometimes class-
ified as to the location of the cooling

coil:

1. Rear bunker display case
2. Overhead bunker display case

3. End bunker display case
The rear bunker display case is a

modernization of the old display case
that used cracked ice in a sheet metal
trough at the rear of the cabinet. It is

not used anymore.

18-8. SINGLE DUTY CASE

A very popular display counter is

the type using an overhead cooling coil.

This counter frequently makes use of

the space below the display portion as a

refrigerator cabinet. Figure 18-14.

This counter has the main cooling coils

mounted in the upper portion of the

To display produce to the best ad-

vantage, stores frequently use refrig-

erated counters. These counters are

equipped with glass fronts, enabling the

purchaser to see the array of articles

handled by the merchant; at the same
time this food is safely refrigerated.

This refrigeration is necessary to pre-
vent the spoiling of the food during the

8 to 10 hour period that it is stored in

the display case. Electric lights for

lighting display cases are usually in-

stalled outside of the glass of the case
in order that the heat generated by the

18-15. A shelf cooling coil. Aluminum fins and copper

tubing are mechanically bonded together. The fins are

offset.

(Peerless of America, Inc.)

display space just underneath the shelf

which forms the top of the counter.

This naturally gives very good re-

frigerating temperatures all the way
through the display space, Fig. 18-15.
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In addition, some of this type count-

ers have shelf coils. They are called

auxiliary cooling coils. These cooling

coils are located just underneath the

shelves; they consist of coils of tinned

tubing containing evaporating refriger-

ant so placed that each shelf is in-

dividually cooled, Fig. 18-16.

18-9. DOUBLE DUTY CASE

Many models have storage space

beneath the display portion of the

counter which is also refrigerated; its

cooling coil is usually connected in

18-16. A display case cooling coil drain pan. It is com-
pact, permits good circulation and condensate drainage.
A. Hangers; B. Individual baffle drains; C. Collector

drain.

(Peerless of America, Inc.)

18-17. A double duty display case using two cooling

coils. 2 One thermostatic expansion valve is used for

both coils.

(Detroit Controls Corp.)

18-18. Cross section of an open meat display case.

Note the cooling coil location, the blower and the drain.

(Tyler Refrigeration Corp.)

series with the coils above. The tem-
peratures maintained may be kept at

40 F. to 45 F. in both compartments,
or warmer if desired, because they are
only temporary containers for the food
or produce as it should be transferred
to the walk-in storage cabinet over-
night. The coils used in these installa-

tions must necessarily be very narrow
and they are made with fins as small
as 1\ inches in width, Figure 18-17.

Some of the shelf coils are the plain

tubing type. Many of these display

cases are now using blower coils for

cooling. These coils take little space

and provide even refrigeration tem-
peratures throughout the display case.

18-10. END COIL DISPLAY CASE

Another type of display counter

used to some extent is the end bunker
type. Instead of using cooling coils

running the full length of the counter,
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18-19. Open type refrigerated display case.

(The Warren Co., Inc.)

the coils are located at each end. If the

counter is seven feet long or less, it

may have but one bunker at the end. It

usually has coils at both ends if the

counter is longer. These counters vary
from 3 5 to 45 inches in height and the

glass extends to the floor. The space
within usually contains from two to four

shelves which may be viewed either

from the front or the top of the case.

Sometimes the glass is inclined in

front, but more often is vertical. The
temperatures that are kept in these

counters are between 40 F. and 50 F.

A coil similar to the grocery cabinet

coil is used in these cases, or blower
'coils may be used.

18-11. OPEN DISPLAY CASE

To make foods more accessible to

customers in self-service markets,

open display cases are in common use,

Fig. 18-18.

These cases may be designed with

or without storage space in the base of

the unit. The case has storage space
open at the top and with walls or the

upper part of the wall enclosed in

double or triple glass panes.

The higher temperature cases such
as for fresh meats, dairy products,

18-20. A cross-section of an open-type dairy products

case.

(The Warren Co.. Inc.)
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etc., do not present any special cooling

coil problems. Blower cooling coils

are used and ducts flow the cold air

through grilles at the rear of the case at

the same level as the refrigerated

foods and the warm air return is down

the front of the case, Fig. 18-19. The

details of this case are shown in Fig.

18-20.

18-21. An open frozen foods display case.

(Tyler Refrigeration Corp.)

The low temperature units for dis-

playing frozen foods present a difficult

coil defrosting problem. The coils must
be defrosted at least once a day. The
defrosting is done as quickly as possible
to prevent the case from warming up
too much. The defrosting must be done

EXTREME OVER-ALL

18-22. The construction details of an open frozen foods

display case.

(Tyler Refrigeration Corp.)

18-23. An open type frozen foods display case.
(Tyler Refrigeration Corp.)

automatically. A time clock is fre-

quently used and it operates a hot gas

defrosting system or an electric heater

defroster device. See Chapter 19 for

details of these systems.

An open display case for frozen

foods is shown in Fig. 18-21. Its con-

struction is shown in Fig. 18-22.

*i i

1

18-24. A cross section of an open frozen foods display

case. Note the blower fan and the lower storage doors.

(Tyler Refrigeration Corp.)

18-12. OPEN FROZEN FOOD
DISPLAY CASE

The storage and display of frozer

foods has become very popular. Thes«
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;abinets represent a new problem. The
display cases, either open or closed,

fiave to maintain temperatures near
F., Figure 18-23 and Figure 18-24.

The coils therefore must operate at

-10 F. to -15 F. These coils have to be
defrosted frequently. Header wires are
nstalled along the parts of display

3ases that may collect condensation

from the air. These heater wires are
astened with a mastic.

Storage cabinets and closed display

^ases are constructed in both the chest

;style and upright cabinet type. Because
of the low temperatures in these cab-
tinets, the insulation is thicker, the

openings are better gasketed or sealed,

and the insulation is more carefully

hermetically sealed. The chest type is

very popular because the top openings

•prevent the spillage of the cold air when
the cabinet is being used.

18-13. FROZEN FOOD STORAGE
CABINET

The frozen food storage cabinet

may be either a chest type or an up-
right type cabinet with very thick

insulation, 4 to 6 in. hermetically

sealed. The doors or access openings

are also heavily insulated and are

usually provided with a double gasket.

These cases are used for storage

purposes only and the food is moved
from these cases to the display cases
as needed. These cabinets operate at

F. Due to the low temperature at

.vhich these cabinets operate, many of

them are fitted with an electric warm-
ing coil around the door to keep it from
freezing closed.

18-14. FAST FREEZING CASE

Cases used for freezing foods rapid-
ly to a frozen condition are very similar
to the storage cases except that the

temperatures are maintained at about
-20 F. and the food is placed as close

to the freezing plates as possible.
Some cases use refrigerated shelves to
provide more heat transfer surface.
These cases are popular on farms and
in locker plants.

18-15. ICE CREAM CABINET

Ice cream cabinets, since their

inception, have been made of a steel

frame-work with a sheet metal exter-
ior, insulated with cork and containing

either a brine tank or dry coils sur-
rounding the ice cream sleeves. The
size of the ice cream tank holders, or
sleeves as they are called, is stand-
ardized; therefore the construction of

the various makes of cabinets is very
similar. The insulation is usually four
inches thick, except on the top, which
is commonly two inches thick. Slab

cork is the most popular insulation and
is very carefully sealed with hydrolene.

Some ice cream cabinets are self-

contained, meaning that the refriger-

ating machine or condensing unit is

built into one end of the cabinet, and

some of them are of the remote type.

The size of these cabinets is based on

the number of sleeves required to con-

tain bulk ice cream cans. They range

from one to twelve sleeves. The tem-
perature at which the ice cream should

be kept is between 10 F. and F. The
-10 F. is for brick ice cream which

may be stored in these sleeves and F.

is best for bulk ice cream. If the tem-
perature is too cold, the ice cream
becomes too hard to serve easily; it

also tends to become crystallized. The
cooling units in the past were of the low

side float type submerged in brine,

which surrounded the sleeves keeping

the ice cream cold. However, this was
too bulky and inconvenient in many
respects so present models use dry

cooling coils. Some of the coils con-

sist of tinned tubing wrapped around

and soldered directly to the sleeves.

Other coils consist of sheet metal with
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18-25. A typical soda fountain cabinet refrigeration installation. Note the two thermostatic expansion valves

and the two temperature valves.

(Dole Refrigerating Co.)

POWEB 3UPPLV

18-26. A complete soda fountain cycle diagram. Note the solenoid valve and the suction pressure regulator and

how these valves are used to control temperatures in various parts of the installation.

(Bush Mfg. Co.)
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refrigerant passages formed in the

metal. The sleeve covers, that is, the

tops to the sleeves which must be

^raised in order to gain access to the

ice cream, are also standardized by the

manufacturers. Having^the openings to

these sleeves at the top prevents the

spilling of cold air from the cabinet,

when opened, and is an easy way of

access.

18-16. SODA FOUNTAIN

Soda fountains are a very compact
unit for storing and dispensing of ice

cream, water, beverages, syrups, and

ice. They are usually of beautiful

construction and are designed to facili-

tate dispensing. The fountain usually

has an ice cream cabinet of typical

design built into it. Another portion of

the fountain contains the water-cooling

mechanism which must be designed to

maintain correct water temperatures;

usually the return of refrigerant gas

from the ice cream cabinet and the

drinking water cooler is passed around

the syrups, maintaining them at a

relatively cool temperature. The bev-

erages are kept at the same tempera-
ture as the water. Soda fountain con-

struction is very compact. As a result,

soda fountains are often very difficult

to service due to lack of space in

which to work.

The syrups should be maintained

about 45 F., the water anywhere from
32 to 50 F., and the ice cream as

mentioned, between F. to 10 F. A
two-temperature valve is almost a

necessity in this type of installation.

Figure 18-25 shows a typical soda

fountain cabinet refrigeration installa-

tion.

A cycle diagram of a complete soda

fountain that is refrigerated by one

condensing unit is shown in Figure

18-26. The soda fountain consists of an

ice cream compartment, a syrup rail, a

bottle compartment, and a beverage

cooler. Thermostatic expansion valves

are used; the ice cream coil has a check
valve, the syrup coil and bottle com-
partment coil are controlled by a two-
temperature valve, while the beverage
cooler has a solenoid liquid line shut-

off valve. Note the sight glass, the heat

exchanger, and the dryer mounted in the

refrigerant lines near the condensing

unit.

A bobtail soda fountain is the same
as the one illustrated except the ice

cream cooling coil is not used.

I

18-27. A self contained water cooler.

(Temprite Products Corp.)

18-17. WATER COOLER

There are really no cabinets used

for the containing of water-cooled

mechanisms in the strict sense of the

word. The so-called cabinet is a sheet

metal housing built around a steel

framework, to give a pleasing appear-

ance to the fountain. Inside this sheet

metal housing is usually constructed

the condensing unit, located near the

floor, and above this is the water-

cooling mechanism. This latter is the

only part insulated from the room. The
insulation is usually a specially formed

slab cork between one and one-half
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CLASS FILLER
OUTLET

CORRUGATED
COOLING FINS

REFRIGERANT

COIL

PRE-COOLER

WASTE OUTLET

TAP WATER
INLET

CONDENSER

STAINLESS STEEL
TOP

THERMOSTAT
WELL

ACCUMULATOR
TANK

REMOTE OUTLET OR
TANK DRAIN

HERMETIC
COMPRESSOR

18-28. A diagram of a self-contained water cooler.

(Ebco Mfg. Co.)

inches and two inches thick. These
cabinets are made in such a way that

one or more sides may be easily re-
moved to gain access to the interior,

Fig. 18-27. Water-coolers frequently
use heat exchangers. These make use of

the low temperature of the wastewater
and the suction line to pre-cool the

fresh water line to the cooling coil.

Individual coolers are of the bottle

cooler type or designed to connect to the

plumbing system. The bottle cooler type
uses five-gallon bottles of water mount-

ed inverted on the top of the cabinet.

Overflow and drain water are stored in

a container built into the cabinet below

the top. These coolers use air cooled

condensing units exclusively. They are

used where water and drains are not

available or where the plumbing in-

stallation may be expensive.

Those water coolers using a plumb-

ing supply and a drain connection,

must be installed according to the

National Plumbing Code and the local

code. See Fig. 18-28. The plumbing
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18-29. A bottle beverage refrigerated dispenser. The

cabinet doors are open showing the interior structure.

(Mills Industries, Inc.)

should be concealed. A hand shut-off

valve is required in the fresh water
line. The drain pipe must be at least

the 1^ in. size. The bubbler opening

must be above the drain in such a way
as to eliminate the chance for acci-

dental syphoning the drain water back
into the fresh water system.

The temperatures of the cooling

water are variable depending on the

wishes of the persons who are drinking

the water. For laborers in heavy work-
ing conditions 50 F. to 55 F. is cold

enough. REFER TO PARAGRAPH 21-28

FOR RECOMMENDED TEMPERA-
TURES. One must be careful to use
clean materials for the water passages.

In large business establishments,

in office buildings, or in factories, the

multiple water-coolers, instead of in-

dividual ones, are the most popular.

These coolers have one large con-

densing unit supplying many bubblers
and these are of many different con-

structions.

The basin of the water cooler is

made of porcelain coated, cast iron,

porcelain coated steel or stainless

steel.

K>25BLOCK-
NG MAGNET

DISPENSER SHOWN READY TO
ACCEPT NICKEL, DIME .OR
QUARTER.

REFRIGERATION ON.

,COlN TUBE SWITCH

18-30. The wiring diagram for a refrigerated bottled

beverage coin-operated dispenser.

(Mills Industries, Inc.)

18-18. BEVERAGE COOLER

A very popular application of re-

frigeration is the cooling of bottled

beverages. Most people are familiar

with the automatic bottle dispensers

(coin operated). These units contain a

refrigeration system. The system is

hermetic and usually has blower type

cooling coil to cool the bottles. The
automatic bottle handling devices are

powered by a separate motor.

The bottled beverage units are

available in several designs. Some
dispense only one beverage while some
can dispense several different kinds of

beverages. Figure 18-29 illustrates a
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bottle unit with the doors open and the

condensing unit front cover removed.

The coin unit is in the right door

while extra bottles are stored in the

left door. The condensing unit is locat-

ed in the bottom of the cabinet while

the blower cooling coil is mounted
behind the two-bottle chute openings.

The automatic operation of this unit

with its vending motor, magnets, signal

lights, relays, etc. necessitates a wir-

ing system, Fig. 18-30.

Many commercial establishments

use special cabinets for cooling bottled

beverages, Fig. 18-31. These cabinets

also use blower type cooling coils,

Fig. 18-32.

A blower coil that is very compact
(as small as 7 x 9 x 9j in.) and is

18-31. A dry bottled beverage cabinet. This unit is

called a three-door model. It uses a remote con-

densing unit.

(National Cooler Corp.)

used in beverage coolers, soda foun-

tains, vending machines, etc., is shown
in Fig. 18-33. This coil has a circular
finned coil. It is known as a "pie
plate" coil.

18-19. AUTOMATIC ICE MAKER

Many commercial establishments
have need for ice. Ice cube makers
for many years used ice cube trays
and shelf cooling coils placed either in

separate reach-in cabinets or in back-

1 8-32. A cross section of a dry bottled beverage cooler.

It has a forced convection cooling coil.

(National Cooler Corp.)

bar storage units. They were either

self-contained mechanisms or connect-

ed into multiple installations.

The cubes manufactured in these ice

cube trays however were cloudy due to

entrapped air in the ice.

Automatic ice makers are now on

the market. These units automatically

control the water feed, automatically

freeze the water into ice, empty the ice

into storage facilities, and finally stop

when the storage space is full.

<

\

18-33. A cylindrical blower coil complete with hangers

(A) and drain (B). This unit is used in soda fountains,

beverage coolers, vending machines, etc.

(Peerless of America, Inc.)
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There are a number of different

type units on the market. Floats and

solenoids are used to control the water

^low. Weight switches are used to

operate the storing action when the ice

is made. Removal of the ice from the

18-34. An automatic ice cube maker with the unit above

and the storage bin below.

(York Corp.)

freezing surfaces is accomplished by

using electrical heating elements, hot

gas defrosting, or mechanical ice re-

moval.

These units use as much as 5 in.

of insulation and use condensing units

up to 3/4 H.P.

An ice cube maker with a capacity of

8,000 ice cubes per twenty four hours
or about 450 pounds of ice each day
is shown in Fig. 18-34.

Its refrigeration mechanism is

18-36. An immersion type dairy milk cooler. Note the

condensing unit on the left and the water pump motor

housing and control.

(Esco Cabinet Co.)

shown in Fig. 18-35. Water flows

through vertical stainless steel tubes

and when a hollow square length of ice

is formed the refrigeration stops, hot

gas defrosting starts and as the long

©T-l OVERFLOW THERMOSTAT

©T-2 SUCTION LINE THERMOSTAT

(D COMBINATION BIN SAFETY THERMOSTAT I H P CUT-OUT
©CONDENSER WATER REGULATING VALVE

©HOT GAS SOLENOID VALVE

©RESTRICTOR TUBE
©MAKE-UP WATER VALVE

©WATER RECIRCULATING PUMP

18-35. A schematic view of an automatic ice cube maker. Some of the water is used to cool the condenser

while some of it is used to make ice cubes.

(York Corp.)
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square rods of ice slide down the tubes

they are cut into cubes. When all the

tubes are empty the refrigeration cycle

starts over again.

18-20. MILK COOLER

A very important application of

refrigeration is the farm milk cooler.

18-37. A phantom view of a milk cooler. Note the

water overflow. This water level insures that the cold

water is the correct height. The cooling coil is attached

to the cabinet liner.

(Esco Cabinet Co.)

It is necessary to cool milk to 50 F.

within one hour after the milk has been
taken from the cow and it is required
that the milk be kept at a 40 F. or
lower storage temperature. State laws
require this application of refrigera-
tion. The purpose of this refrigeration
is to keep the bacteria growth at a
very minimum.

The rate that bacteria multiply or
increase in milk is dramatically illus-

trated by noting the rate that bacteria
grow at different temperatures. During
a 24 hour period, the bacteria will
increase to 2,400 at 32 F., to 2,500 at

39 F., to 3,100 at 46 F., to 11,600 at

50 F., to 180,000 at 60 F., and to

1,400,000,000 at 86 F. One can easily see
from this data why the milk should be
cooled. Milk is commonly kept in 10
gallon cans, standardized as to shape

and size. The farmer uses a milk
cooler adapted to these cans. Many of

the coolers are of the immersion type

and the cans are inserted in refrigerat-

ed water, Fig. 18-36. This water is

circulated by a small motor-driven
water pump. Some units spray the

water over the cans to achieve quicker

heat removal. Other units rock the cans
to stir the milk in the cans and the

cooling water outside to produce quick-

er cooling. Figure 18-37 shows a

18-38. A front-opening milk cooler.

(Wilson Refrigeration, Inc.)

constant water level device which in-

sures cold water of the proper level

regardless of the number of cans in

the cooler.

i-

1 8-39. A bulk type milk cooler. Note the refrigerating

condensing unit and the pump.
(Wilson Refrigeration, Inc.)
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Because the milk laden cans are

heavy (nearly 100 pounds) some milk

coolers have side doors and cold water

is sprayed or flowed over the milk

cans. These cabinets must have water

tight doors and a means to pump the

water over the cans and stor^e it while

the cabinet is opened to remove the

milk cans, Fig. 18-38.

Cooling milk in bulk is increasing

in popularity. Figure 18-39 shows a

bulk milk cooler. The tank is stainless

steel. The agitator and shaft are also

made of stainless steel.

18-21. BAKERIES

Bakeries are using more refrigera-

tion to help them improve products.

Many of their raw products must be

kept at refrigerated temperatures.

Frozen ingredients must also be stored.

Even the water and flour used for

bread making must be cooled during

certain periods of the year. Creams
and custards are better kept in a cool

temperature.

Some examples of refrigeration in

baking are as follows:

Flour storage 70 F 60% humidity

Butter, liquid milk

yeast, syrups, eggs
i fruits, fillings 40 F
Frozen eggs and

i fruits F
Custards, whipped

cream foods 40 F
Mixing water 34 F
Yeast raised dough

retarding 35 F
Air conditioning is extensively used

in bakeries as the humidity is also

very important in many baking pro-

cesses. If bread is fast frozen to -10 F.

it will remain fresh for almost a month.

18-22. FUR STORAGE

It has been found that if furs are

passed through a low temperature stor-

age period, the moth, whether it is in

the moth stage, egg stage or larvae
stage will be destroyed. Commonprac-
tice is to first cool the furs to 15 F. to

20 F. then allow the furs to warm up to

above 50 F. for 24 to 48 hours. After
this cycle, which is found to be the

most effective, the furs are stored at

35 F. fo 40 F.

The refrigerator is usually con-
structed like a cold storage room, with

concrete walls, thoroughly moisture
sealed with asphalt, corkboard insula-

tion or its equivalent, and a double

door. The inside door is a regular

refrigerator door while the outside

door is a vault door.

Blower cooling coils are used to

force air circulation around and into the

furs. The humidity must be kept up to

55% to prevent drying the skin of the

furs.

It is imperative that these storage

vaults be of fireproof construction.

18-23. INDUSTRIAL
APPLICATIONS

Refrigeration is being used exten-

sively to aid manufacturing processes.

The units are of great variety but the

smaller units are automatic in opera-

tion. Two very common applications

are cooling of water which in turn

cools electrodes on resistance welders

and the cooling of quenching liquids for

super cooling of metals for heat treat-

ing.

18-24. INDUSTRIAL FREEZING
OF FOODS

Industrial freezing of food is car-

ried on in two types of establishments:

a. Processing Plants

b. Locker Plants

The factory processing type is found in

central producing sections such as near

canneries. Processors of popular

brands of frozen foods have freezing

centers located in many large produc-
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18-40. Food flow through a freezing plant.

(American Society of Refrigerating Engineers)

ing areas in the United States. An
example of this type of processing is

the processing of fish which are packed

and frozen along the coast and then

shipped to all parts of the country.

The locker plant is a smaller unit

and operated locally, preparing, freez-

ing and storing products for producers

and for sale to other customers. The
types of refrigerating equipment in both

plants may vary some, but the plan of

freezing the food is similar. Figure
18-40 shows the flow of produce through

a plant. The food is weighed and checked
for purity and suitability for freezing.

It is important to remember that low

quality food cannot be made first qual-

ity by fast freezing. Then it moves to

the processing room. In the processing

room the meats are cut, fowl are

cleaned and dressed, vegetables blan-

ched and all types of meats, fruits and

vegetables are packaged. Next, the

foods are sent to the freezing section

where they are completely frozen and

made ready for storage, Fig. 18-41.

An ultra violet ray lamp is usually

placed in the aging room to kill bact-

eria, Fig. 18-9. All processing plants

attempt to freeze the food as fast as

nA

A

/

SCURE AND

- r7 v/m

iaSEE 1/

18-41. A typical locker plant. A special blast freezer is used to fast freeze the food before it is stored in the
locker room.

(Frigidaire Div., General Motors Corp.)
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18-42. A polar chest freezer rack.

(American Society of Refrigerating Engineers)

possible. They also attempt to contact

as much of the food as possible with

as low a temperature as possible.

Some foods are immersed in sub-zero

liquids, some are pressed between low

temperature plates, some are exposed

to blasts of low temperature air and

some are sprayed with a cooling liquid.

18-25. INDUSTRIAL STORAGE OF
FROZEN FOODS

The storage requirements of all

foods are about the same with a tem-
perature of F. to -20 F. desirable
and a variation of 2 to 3 F. allowed
normally. An excessive temperature
differential produces "breathing" and
volume changes that are detrimental.
The humidity in the storage rooms
should be as high as possible. High
humidity is accomplished by the design
of the equipment in the commercial
freezing plant or by the design of the

locker plant as the conditions are
identical. Cooling of the storage area
may be accomplished by blower coils,

direct contact plates or brine coils.

In the smaller plants the customer
enters the refrigerated area and pulls

out a drawer containing the food. In

some locker plants special construction
makes it possible to deliver frozen
foods from the storage area to the

customer without entering the cold

area. One of these installations is

called the "Polar Chest," which has the

lockers below the floor, Fig. 18-42.

When food is needed the locker is

raised up through the floor into a room
of normal temperature.

18-26. TRUCK REFRIGERATION

Truck refrigeration requires spec-

ially designed truck bodies and special-

ly designed refrigeration units.

The bodies must be light, well in-

sulated and withstand hard usage. The

18-43. A refrigerated truck body.

(Dry Zero Corp.)

construction, of course, must be light

but sturdy so that continual vibration

and rough handling will not destroy the

insulating value of the walls. Various

insulating materials have been used.

Figure 18-43. One insulation that has

great possibilities is the metal foil
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type explained in Chapter 9. The most

interesting things about truck refrig-

eration are the styles and mechanisms

used. Because of the many uses of truck

refrigeration, the desired tempera-

tures naturally vary, therefore each

problem must be studied before a tem-

perature may be recommended. Dry-

ice trucks must be insulated for -109 F.;

ice cream trucks for F. to 5 F., while

other commodities often use 35 F. to

40 F. temperatures. These trucks have

many variations in application, but the

systems used to produce refrigeration

may be divided into three main types:

1. Ice

2. Dry ice

3. Mechanical

18-45. A refrigerated truck that used a dual refrig-

erating system.

(Lehigh Mfg. Co.)

prises the typical refrigerating unit in

most cases, the major variation being

18-44. A truck refrigeration condensing unit. It has a transmission power take off for use on the road and a

standard electric motor for overnight parking and cool down. A hydraulic clutch (A) operated by a solenoid

valve engages and disengages the compressor from the power sources automatically.

(Kold Hold Div., Tranter Mfg. Inc.)

The ice method is used, but because
of weight and loading is decreasing in
popularity. The use of dry ice is in-
creasing because of the weight reduc-
tion, and the drainage problem is

eliminated. However, some difficulty is

encountered in controlling the tem-
peratures.

Mechanical refrigeration com-

in the nature of the compressor drive.

These drives are:

1. Engine driven electric generator

and motor.

2. Driven off the transmission

shaft.

3. Separate gasoline engine.

The generator and motor use volt-

ages, cycle, and phases which enable
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plugging the motor into a wall plug in

the garage if it is desired to keep the

truck cold over night,

k The transmission power take-off is

shown in Fig. 18-44. It uses a standard

motor when the truck is parked and

with engine shut off (overryLghtparking).

The gasoline engine driven units are

automatically controlled to start and

stop as the system requires.

Some trucks use a dual refrigera-

tion system. Figure 18-45 shows a re-

frigerated truck with a refrigerating

unit mounted on the truck body over the

cab. This unit is only the standby unit

tures as the refrigerating medium.
Recently, however, to obtain colder
temperatures and to permit faster

loading of the cars, mechanical re-

frigeration has entered this field. As
far as the cars themselves are con-
cerned, the construction is very similar
to that of the ice car construction,

except that the builders are continually

seeking to reduce the weight.

In order to attack any commercial
refrigeration problem correctly, one

must first determine all of the re-

quirements concerning the job to be

done; next specify, install, and adjust

18-46. The standby truck refrigerating unit. Note the

sight glass and the dehydrator.

(Lehigh Mfg. Co.)

and is used only when the truck is park-
ed for any length of time. Figure 18-46

shows the inside of this unit. In addition

to this condensing unit, there is a com-
pressor mounted on the truck engine

and driven by the engine, Figure 18-47.

A diagram of the complete installa-

tion is given in Fig. 18-48.

18-27. RAILWAY CAR
REFRIGERATION

Refrigerator cars have long been
used as a means of transporting perish-

able goods. However, these cars used
ice and sometimes salt and ice mix-

18-47. The truck engine driven refrigeration compressor.

(Lehigh Mfg. Co.)

the mechanism to obtain the correct

operation. Basically the requirements

are to maintain certain temperatures

and frequently certain humidities in

storage spaces. How it is done is not

so important as that it is done econom-

ically and consistently.

Refer to Chapter 21 for methods of

calculating heat loads.

Two different types of refrigeration

systems are used on trains. These are

freight refrigeration and air-condition-

ing in passenger cars.
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18-48. A truck refrigerating system which uses an engine driven compressor and a stand-by motor driven com-

pressor.

(Lehigh Mfg. Co.)

Freight refrigeration may be by
means of water ice, dry ice, or mech-
anical refrigeration. The present trend
is toward mechanical refrigeration.

Passenger car air-conditioning is by
mechanical refrigeration.

The compressors, in mechanical
installations, are usually driven from
the car axle while the cars are in

1 8-49. A fast freezer for malteds, sherbets and custards.
Two freezers are shown with a soda fountain installed

between them.

(Sweden Freezer Mfg. Co.)

motion and by an electric motor while

the cars are in the yard.

Some train refrigeration systems
have been developed using the absorp-

tion system. Others have employed the

steam jet system of refrigeration.

Marine Refrigeration is basically

the same as land-type equipment. How-
ever, the refrigerants used are re-

stricted to ones which are non-toxic

and non-flammable. All cases are very

carefully sealed in to exclude the pos-

sibility of moisture entering the in-

sulation. Refrigerant lines must be in-

stalled to permit some vibration without

danger of becoming broken.

18-28. ICE CREAM MAKERS

A special application of refrigerat-

ing systems is the frozen custard or

ice cream making machines. These
units use a large refrigerating machine

to fast freeze the mix. The same or

another motor is used to drive the

stirring mechanism (dasher). A 1/2

H.P. refrigerating unit can fast freeze

one gallon (32 two-ounce servings) of
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0- MIX VALVE COVER

'MIX VALVl COVER GROMMET

MIX TANK COVER

NCREASES MIX INPUT

REDUCES MIX INPUT
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D-

•MIX VALVE

.ARMATURE

THREAD SPRING.

ADJUSTABLE MIX
VALVE ASSEMBLY

•MIX TANK GROMMET

MIX COMPARTMENT
INSULATOR PANEL

NAME PLATE
CONSISTENCY CONTROL

FRONT GATE SOLENOID

GRILL

TONGUE OF SPEED REDUCER
SHAFT ENGAGES SLOT

IN DRIVE SHAFT

SHAFT CREAM SEAL
IIAPPED METAL FACES OF CRE

SEALS MUST FACE EACH OTHER1

SCRAPER BLADE
(ONE REOD IN id. CYLINDER-

TWO IN OTHER SI2ESI
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SOLENOID)

CYLINDER FRONT.

18-50. An exploded view of an automatic fast freezer. Note the dasher, the gate plunger and the dasher drive

shaft.

(Sweden Freezer Mfg. Co.)

custard in about six minutes, Fig.

18-49.

Some units are continuous in oper-
ation. Thermostat expansion valves are
usually used as the refrigerant control.

The machine is usually adjusted to

deliver the custard or sherbets at 20 F.

A total of 3 H.P. can operate the re-

frigerating unit and drive the dasher

for a 12.5 gallons per hour capacity

unit. A 25 gallon per hour capacity unit

usually uses a 2 H.P. dasher motor and

a 3 H.P. refrigerating unit. The larger

units are water cooled.

427



MODERN REFRIGERATION, AIR CONDITIONING

A mix storage or supply cabinet is

usually used with three units to store

the mix until it is used.

Figure 18-50 shows an exploded

view of a cabinet and the controls. The
units must be kept as clean as possible.

18-29. REVIEW QUESTIONS

1. What cabinet temperatures are
recommended for the following

commercial installations, water-
cooling, walk-in coolers, flor-

ist's cabinet, and ice cream
cabinet?

2. Why is it necessary that the

doors and windows in these cab-
inets be air-tight?

3. What is the purpose of dead air

spaces formed between the two
and three pane windows in these

cabinets?

4. How is moisture kept out from
between multiple pane windows?

5. Why are the lights of the display

counters usually located outside

of the counter?

6. If one were to mount a thermo-
meter in one of the walk-in
cabinets, where would one find

the average temperature?
7. Why are most commercial re-

frigeration installations of the

multiple type?

8. To what temperature would you
permit water to be cooled, (a) if

the bubbler was located in the

heat treating room of a tool and
die factory? (b) in an office

building?

9. Why does the length of the count-
er affect the number of end bunk-
ers in an end bunker display
cabinet?

10. Why must the humidity be kept
very high in produce storage
cabinets?

11. How is the cold air kept from
spilling from the open display

cases?

12. What is a double duty display

case?

13. Where are the cooling coils

located in open display cases?

14. How are frozen food open display

case coils defrosted?

15. What are the two basic types of

ice cube makers?
16. What is hot gas defrosting?

17. Why does the typical milk can
cooler have a water pump?

18. Why must milk be cooled shortly

after it has been taken from the

cow?

18-51. A cascade refrigerating system.
(B) of system I is being cooled by the

The condenser
cooling coil (C)

of system 2. This arrangement enables the production
of very low (ultra-low) temperatures in the cabinet 3.

A Ultra low cooling coil, D condenser of system 2, XY
refrigerant controls, R liquid receivers, 4 heat exchanger.

18-30. CASCADE SYSTEMS

One of the means used to obtain
ultra-low temperatures is to place two
or more refrigerating systems in se-

ries (cascade system). This method
uses the cooling coil of one machine to

cool the condenser of the other machine.
See Fig. 18-51. Usually two different

refrigerants are used, each being
adapted to the temperature-pressure
conditions under which it operates. For
example, system^ could use Refriger-
ant 13 (Freon 13) while system 2 could
use Refrigerant 22 (Freon 22).
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Chapter 19

COMMERCIAL REFRIGERATION

SYSTEMS AND MECHANISMS

The refrigerating machines used to

refrigerate the multitude of commer-
cial refrigeration applications vary

considerably in size and in appearance.

Small machines (1/8 H.P) are used for

beverage coolers, dehumidifiers, etc.

Up to 7 1/2 and 15 H.P. machines are

used for frozen food walk-in cabinets,

industrial cooling, etc., Fig. 19-1.

It is difficult to cover all of these

mechanisms and in this chapter an at-

tempt is made to explain the design,

construction and operation of the most
popular units.

19-1. CONSTRUCTION OF
REFRIGERATING
MECHANISM

The same fundamental types of

cycles are used in commercial re-

frigeration that are used in the field

of domestic refrigeration. These are

the mechanical cycle and the absorp-

tion cycle.

The absorption cycle is treated in

this particular part of the text, but is

discussed in Chapter 14. The construc-

tion and operation of them is very

similar to the ones studied in Chapter

14. These absorption machines are

used for water-cooling, ice cream
cabinets, and other smaller commer-
cial applications.

The mechanical cycle and mechan-
ism vary from that of the domestic

cycle mainly in the multiplicity of

cooling units connected to one con-

densing unit and the special designs

required for larger units.

The following discusses details of

construction of the various mechanical
commercial refrigerating machines:

19-2. THE MECHANICAL CYCLE

Most of the commercial refrigerat-

ing apparatus is of conventional design

(completely serviceable), but many of

the single applications such as bottle

coolers, beverage dispensers, and ice

cream cabinets are constructed in the

hermetic style, using apparatus very

similar to the designs shown in Chap-

ter 10, except that the cabinet varies

according to the application.

The conventional refrigerating

machine is composed fundamentally of

parts very similar to those of the

domestic machine. The unit is con-

structed to vaporize a refrigerant under
a controlled pressure in a cooling coil.

The gas formed is then passed to the

condensing unit which removes the heat

from the gas and reconverts it into a

liquid, Figure 19-2.

Only two pressures are needed, the

vaporizing pressure (low) and the con-

densing pressure (high). See Chapter 1.

19-3. COMPLETE MECHANICAL
MECHANISM

The single unit commercial refrig-
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19-1. A typical commercial water-cooled unit showing a tube-within-a-tube condenser and a water cooled

compressor head.

(Tecumseh Products)

e rating mechanism apparatus consists
of:

A. The high pressure side, Fig. 19-2:

1. The compressor
2. The condenser (usually air-

cooled)

3. The liquid receiver

4. The high pressure safety mot-
or control

5. The liquid line

B. The low pressure side:

1. The refrigerant control (ther-

mostatic expansion valves or
lowside floats)

2. The cooling unit

3. The low pressure ortempera-
ture motor control

4. The suction line

The multiple mechanical mechanism
consists of:

A. The high pressure side

1. The compressor
2. The condenser

a) Water-cooled or air-

cooled

3. The liquid receiver (with an

air-cooled condenser or with

a tube within a tube condenser)

4. The high pressure motor con-

trol (safety)
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LIQUID LINE «^

RECEIVER

19-2. A typical commercial system cycle using an air cooled condenser, a thermostatic expansion

valve, and a V-type compressor.

(Carrier Corp.)
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5. The liquid lines (with a dis-

tributing manifold)

6. A water valve (used with a

water-cooled unit)

B. The low pressure side

1. The refrigerant controls (two

or more which may be either

of the low side float or the

thermostatic expansion valve

construction)

2. The cooling units (two or more
which may be of the natural

convection, forced convection,

or submerged types)

3. The motor control (which is

usually of the pressure type)

4. The suction lines with a suc-

tion line manifold.

5. Two-temperature valves (for

multiple temperature installa-

tions)

,

• ft. ft

Bbu^IR

19-4. A water cooled commercial condensing unit,

which has a four cylinder, V-type compressor a shell and

tube water cooled condenser, flange type suction line

connections. This unit is a two-stage compressor with

three cylinders pumping gas into one high pressure

cylinder (far right cylinder).

(Brunner Mfg. Co.)

connections and one 13/8 in. solder-

type liquid line. It is designed for low

temperature work and has a 40,600

Btu/hr. capacity at -52 F..

A fabricated steel frame is used to

hold the shell and tube condenser of

the S.H.P. unit shown in Fig. 19-5.

Note the universal electric motor

mount. The suction line connects to the

right side of the compressor. The

piping is fastened to the compressor

by four bolt flanges.

19-3. An air-cooled conventional commercial condens-

ing unit. It has a three pass air cooled condenser, a two

cylinder vertical compressor, a three belt drive, a high

pressure safety cut-out, and a glass oil level indicator.

(Brunner Mfg. Co.)

6. Surge tanks (for absorbing

pressure fluctuations)

7. Check valves (for multiple

temperature installations)

The condensing units are mounted

on steel or cast iron bases, the motors

are connected to the compressor by

one, two, or three belt drives. A large

two-stage condensing unit is shown in

Fig. 19-4. It is a 25 H.P. unit and has

two 2 1/8 in. solder-type suction line

19-5. A five horsepower water cooled commercial con-

densing unit.

(Frigidaire Div. General Motors Corp.)
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19-4. COMMERCIAL HERMETIC
UNITS

Many companies are now producing

larger hermetic units. Some companies
have produced commercial hermetic
units for years. Several companies are
now producing units up to 7 H.P. and

they are proving to be very satisfac-

tory. Some of these units are of the

bolted assembly type. Some units are

welded or soldered together. However,

19-6. A commercial hermetic condensing unit.

(Copeland Refrigeration Corp.)

19-7. A '/4 H.P. commercial hermetic condensing unit.

An air cooled condenser is used and a separate motor is

used to drive the condenser fan.

(Tecumseh Products Co.)

19-8. A commercial motor-compressor unit with service

valves.

(Frigidaire Div., General Motors Corp.)

they are all equipped with service

valves and may be connected to any type

of condenser or cooling coil desired.

The chief advantage in the use of

hermetics in the commercial field is

the elimination of the crankshaft seal

and belts, Fig. 19-6.

Because any trouble in the com-
pressor mechanism involves both the

compressor and the motor, it is es-

sential that the service man be extra

cautious that moisture and dirt do not

enter these systems.

A 1/4 H.P. commercial hermetic

condensing unit is shown in Fig. 19-7.

Note the suction service valve on the

compressor dome, the liquid receiver
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service valve on the receiver, and the

forced convection condenser. A motor-

^ compressor equipped with a fan con-

denser, a shroud, and service valves

is shown in Fig. 19-8. The internal

design of amotor-corrfpresspris shown
in Fig. 19-9. The motors are single

phase in the smaller units but three

phase motors are used in the units

over 1/2 H.P., Fig. 19-10.

19-9. A cross-sectional view of a hermetic motor-com-

pressor as used on commercial condensing units.

(Tecumseh Products Co.)

19-5. THE COMPRESSOR

The typical conventional commer-
cial compressor is of vertical reci-

procating construction, made of one

or more cast-steel nickel-alloy cylin-

ders which use cast-iron pistons,

driven by means of a drop forged

connecting rod and a hardened steel,

full-floating piston pin.

The connecting rod is attached to a

crank throw type or eccentric type of

crankshaft which is drop forged and

case hardened. The bearings are typic-

ally bronze alloy. Main bearings are

made of a similar material although

some companies use the crankcase

material for main bearings.

The crankshaft seal may be of the
type wherein the bellows is stationary
and presses against a crankshaft
shoulder, or may be of the type where
the bellows is sealed to the crankshaft
and revolves with it. The oiling of the

compressor is done by the splash sys-
tem or by a force-feed lubrication to

all moving parts.

The compressors usually have a
double cylinder head. The intermediate
one carries the exhaust valves. The
cylinder heads are made of the same
material as the cylinder body, although

some companies make the intermediate
one of steel plate, Fig. 19-11. The in-

take valves and the exhaust valves are

made of very thin spring steel, similar
to those used in the domestic models.
The design, however, changes with the

size of the unit. Large compressors use
multiple disks and port openings in-

19-10. A three-phase electric motor as used in larger

hermetic refrigeration units. A. Rotor; B. Stator.

(The Emerson Electric Mfg. Co.)

stead of the single opening employed

in domestic units. The intake valve is

usually located in a plate between the

cylinder head and the cylinder, but the

design varies with practically every

manufacturer.

Almost without exception the pis-

tons are equipped with two or more

rings. The clearances permitted for

all moving parts are a little more than
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19-11. A cross section view of a two cylinder commercial compressor. Note the valve plate and the rotary seal.

(Brunner Mfg. Co.)

those allowed in the domestic mechan-
isms, but they are one thousandth of

an inch (.001) or less. The cylinder
heads of these compressors must be
cooled; radiating fins are therefore
constructed into the cylinder head and
cylinder body in the smaller sizes.

Refrigerant-cooled and water-cooled
heads are the rule in the larger models.
The speed of these compressors is kept
to a minimum. Since the belief is that

slow speed enables a longer-lived and
a more efficient compressor, the usual
speed varies between 300 and 500 r.p.m.
The means for driving these compres-
sors is almost universally the V-type
belt in multiple. One finds two to ten
belts quite common as the power trans-
mitting medium.

The service valves in the smaller
units are exactly the same as those

described for the domestic conven-
tional designs. In one-ton machines
and larger, especially those using

stream-line fittings, a different stan-

dard has been developed. On the larger

mediums the valves are still of the

two-way type, but instead of the typical

two-bolt flange, these valves are often

attached by means of four bolts and

are gasketed with recessed lead gas-

kets.

The very largest units have these

valves furnished with hand wheels,

whereas the others use a 3/ 8-in. square
steel stem. Many companies are now
producing compressors with oil level

sight gauges, because of the import-
ance to the life of the compressor in

having the oil level correct.

19-6. AIR COOLED CONDENSER

Air-cooled condensers are quite

common in the smaller units, or where
cooling water is not available. These
are cooled by a large fan located on

the motor or built into the compres-
sor flywheel on the conventional units.

Hermetic units use special motors to

drive the fan.

The efficiency of the air-cooled con-

denser may be increased by the use of

a metal shroud around it and the use

of a cooling fan. Air can be drawn
through the condenser or driven through

it. These condensers have dip soldered

fins and a double or triple layer of

tubes is frequently used.

In order to cool the compressor
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head and valves, a double air-cooled

condenser is used by one of the com-
panies. This condenser is so arranged
Hhat the refrigerant, when leaving the

compressor, passes through one con-
denser and is then le_d back through
jackets surrounding the cylinder head.

From there it goes into the second
condenser where it is finally cooled

and condensed into a liquid. The par-
tially cooled refrigerant, as it passes
through the compressor head, keeps the

compressor head cool.

See Chapter 8 for determining con-
densing temperatures and pressures
when an air-cooled condenser is used.

In many communities, water cooling has

been drastically curtailed or prohibited

for refrigerating systems and air con-

ditioning systems.

Air cooled condensers have been
developed that enable large units to

operate quite efficiently. These units

can be mounted outdoors or indoors

using ducts. The units use a minimum
of accessories and are virtually main-
tenance free, Fig. 19-12. The unit is

mounted on a platform for better air

circulation and the fan and motor have
a protective hood mounted over them.

19-12. A commercial system remote air cooled con-

denser designed for mounting outdoors or in a duct

system.

(Peerless of America)

19-13. A water-cooled condenser which also serves as

the liquid receiver. A. Refrigerant out; B. Refrigerant

in; C. Water in; D. Water out.

(Williams Oil-O-Matic Heating Corp.)

19-7. WATER COOLED
CONDENSER

The most common of the condensers
used for cooling commercial refriger-

ating apparatus is the water-cooled
type. This condenser is built in two

different styles.

One style is constructed so the re-

frigerant goes directly from the com-
pressor into the interior of a tank or

shell.

The other type uses two pipes or

tubes one within the other. The refrig-

erant passes one way through the outer

pipe, while the condenser water passes

the other way through the inner tube.

19-8. SHELL TYPE CONDENSER

The shell type condenser or shell

and tube type as it is commonly called,

is a tank made of steel with copper

tubes inserted in the shell. Water cir-

culates through the tubing and con-

denses hot gases into a liquid. The

bottom of the shell serves as the

liquid receiver, Figure 19-13. The ad-

vantages of this style of construction

are compactness of design, the elim-

ination of fans and a separate condens-

er. Also, it enables a very flexible

type of assembly. Some companies

produced this type of condenser with

the exception that instead of a coil of

copper tubing being used as the water

passages, the liquid receiver was made
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with a double wall; the cooling water
circulated between the double walls of

the liquid receiver.

19-9. TUBE-WITHIN-A-TUBE
CONDENSER

The other type of water-cooled con-
denser, which is becoming very popu-
lar because it can easily be made to

WABM VV/tTEB
OUTLET

COOL W/»TEW
INLET

COOL LIQUID
OUTLET

FLOW DIAGRAM
DOUBLE PIPE COUNTER-PLOW CONDENSER

19-14. A tube-within-a-tube water-cooled condenser.
(General Refrigeration Sales Corp.)

fit the size of the unit to be cooled,
is the double tube type. One tube is

put within another in such a way that

water passing through the inside tube
cools the refrigerant in the outside
tubing, Fig. 19-14. The outside tubing
is also cooled by the air in the room,
enabling very efficient operation. This
condenser may be constructed either
in the cylindrical spiral style or in

19-15. A tube-within-a-tube condenser designed to per-
mit cleaning the water tubes (inner). The clean out plate

is removed in the right hand view.

(Halstead and Mitchell)

RE.FRIQ

19-16. Detail of the construction of a tube-within-a-tube
condenser. Note how both the refrigerant tubes and the

water tubes are silver brazed into the header.
(Halstead and Mitchell)

the rectangular style, Fig. 19-15.
The water enters the condenser at

the point where the refrigerant leaves
the condenser to go into the liquid re-
ceiver, and the water leaves the con-
denser at the point where the com-
pressor is connected to it. This is

called the contra-flow construction.
The warmest water is adjacent to the
warmest refrigerant, and the coolest
water adjacent to the coolest refriger-
ant, Fig. 19-15.

Water-cooled compressors are
sometimes used with water-cooled con-
densers. The water flow, with few ex-
ceptions, is through the condenser
first, then through the cylinder head,
and finally out into the drain. The
water flow through these condensers
is regulated by means of an automatic
water valve, Paragraph 19-49.

19-10. COMBINATION
CONDENSERS

To economize on the consumption
of water, some commercial units have
both air-cooled and water condensers.
These condensers are connected to-
gether. Under ordinary conditions only
the air-cooled condenser is used. How-
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ever, if the unit is pumping consider-
able gas, or if the air temperature
rises too much, the head pressure of
f
the unit will rise enough to force a

water valve open* The condenser then

starts to cool with botk air and water,

Fig. 19-17.

19-11. COOLING TOWERS

the cooling tower it drains to the stor-
age tank. The storage tank has a float
controlled refill or make-up valve to
replace the evaporated water with city
water or well water. This float oper-
ates similarly to a refrigerant low-
side float mechanism. The cooling

In some localities the water con-

tains chemicals (hard water), or water
may be very scarce, expensive, and its

use may be limited by law.

To enable a user to have a water
cooled mechanism and yet save con-

siderably on water consumption, water
cooling towers have been built. These
cooling towers cool adequately and use

only about 15 per cent as much water
as a direct water flow to the drain

would consume. These cooling towers
are small copies of the spray towers
used in large industrial refrigeration

systems.

One system connects the water
lines of the condenser to a water coil

in an enclosure. A pump forces the

water through the coil in the tower.

The coil is pierced with holes and the

water is sprayed into the enclosure. A
motor driven fan forces air through

the enclosure. The air rushing through

the sprayed water, evaporates some of

it and the evaporation cools the re-

maining water to the outdoor tempera-
ture or even lower. The cooled water

collects in the bottom of the enclosure

and is picked up through a screen and

recirculated through the condenser.

Chemicals may be put in the water to

retard rust formation, fungus growth,

etc.

Another method is to have an in-

door storage tank for the water cooled

by the cooling tower. A waterpump re-

moves the water from the storage tank,

forces it through the condenser and

then up to the cooling tower. After the

water has been evaporative cooled in

19-17. A combination air and water cooled condenser.

(Bush Mfg. Co.)
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19-18. An evaporative condenser.

(Baltimore Air Coil Co., Inc.)
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tower fan motor operates only when

the storage tank water temperature

rises above a temperature set by a

thermostat bulb located in the storage

tank water.

The cooling towers are made as

corrosion proof as possible. The struc-

tures are zinc dipped (galvanized) after

assembly, they are made of copper, of

stainless steel, and of rot-proof wood.

Both the cooling tower and the stor-

age tank have overflow pipes, that carry

any excess water to the drain system of

the building.

See Chapter 21 for details of sizes

and capacities.

19-12. EVAPORATIVE
CONDENSERS

Another system carries the refrig-

erant into a condenser located in an en-
closure similar to the cooling tower.

In this device water is sprayed over
the condenser to cool it. The water
cycle is all in the condenser cabinet

in this system. Longer refrigerant runs

are usually needed to carry refrigerant

19-19 The use of a "dryer" coil (A) to prevent a sweat-
ing or frosting suction line outside the fixture. This type

coil is usually of the defrosting type.

(Detroit Controls Corp.)

to the evaporative condensers, Figure

19-18. The air action and the refriger-

ant action in an evaporative condenser

are in Chapter 29.

Usually the evaporative condenser

is mounted out of doors; however, it

is possible to locate an evaporative

condenser indoors by providing air

ducts to and from the condenser to the

outside.

Some systems pump the water to a

tray located above the condenser and

the water drips over the coils as air

is forced through the coils. A thermo-
stat can be used to control the water

flow. A fan operates to blow air over

the condenser at all times when the

condensing unit is operating. The water

is turned on by the thermostat only

when the condenser temperature ex-

ceeds a certain level (100 F. or more).

19-13. LIQUID RECEIVER

The liquid receiver is a steel tank

of welded construction and is usually

equipped with two servicingvalves; one

is the typical liquid receiver service

valve mounted between the liquid re-

ceiver and the liquid line, the other is

a second liquid receiver service valve

which is installed between the liquid re-

ceiver and the condenser. These two

valves enable one to disconnect the li-

quid receiver or the condenser from
the system separately. All receivers

are equipped with safety devices. The
minimum safety device is a thermal
release plug while some receivers have

both the thermal and pressure re-

leases. A special line may be installed

to carry any released gas outdoors.

These cylinders are usually of cy-
lindrical form mounted either in a
vertical or horizontal position. The
horizontal style is usually suspended
underneath the compressor and motor
frame.

Some companies are now providing
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these liquid receivers with a device

whereby the level of the liquid refrig-

erant may be easily determined,

v In the construction involving a water
coil inside the liquid receiver the shell

is similar to the one just explained, but

it is usually larger for the same size

compressor unit.

The connections where the water-

cooling coil enters the tank may be

either brazed or soldered. Brazing is

preferred because of its greater mech-
anical strength.

19-14. COMMERCIAL COOLING
UNITS

Because of the great variety of de-

mands in commercial refrigeration,

special cooling unit designs are re-

quired for many installations. These
cooling units vary from coils of tubing

immersed in a sweet water bath to

forced circulation cooling units which

have the air driven over the coils by

means of an electric fan.

Cooling coils may be divided into

two main divisions:

1. Those that are used for cooling

air which in turn cools the contents of

the cabinet.

2. Those that are submerged in a

liquid such as brine or a beverage

which is to be consumed.
Coils for cooling air are of two

types. The most popular for most ap-

plications is the natural air convec-

tion coil. In this type the air circula-

tion depends only on gravitational cir-

culation. The three different classes

of natural convection, air cooling coils

are:

1. The frosting type of coil

2. The defrosting type of coil

3. The non-frosting type of coil

It is the condition under which a coil

operates which determines under which

of the above classifications a particular

coil falls. The governing conditions are

the desired temperature range of the

cabinet and the temperature difference

between the coil and the cabinet. Any
particular coil may be operated under
any of the above conditions; i.e., frost-

ing, defrosting, or non-frosting. How-
ever, in air-conditioning and in some
other installations, non-frosting forced

circulation air-cooling coils are be-

coming the only ones used.

19-15. FROSTING TYPE COOLING
COIL

The frosting type of coil was the

first one produced by the refrigerating

companies for use in cabinets of all

kinds. The coils were of the low side

float control type and consisted of a

very small amount of fin area held at

a very low temperature. These coils

never become warm enough (over 32 F.)

to allow the frost accumulation to melt.

These units were constructed of coils of

seamless copper tubing brought out of

the low side float chamber and run back

into the same chamber. To these coils

were soldered large copper fins. The

coils were usually all soft soldered.

The fins were of thin copper sheet

(.015-inch to .025-inch) reinforced

around the edges and aligned with thin

strips of metal. The cooling coils were

usually tinned, or in some other way

were made non-corrosive. These coils

had to be manually defrosted, as the

gradual accumulation of ice on the fins

of the coil decreased the heat remov-

ing capacity of the coil tremendously.

The frost which formed on the coils

came from moisture in the air. This

withdrawl of moisture from the air

left it dry, and the dry air in turn

rapidly dried out the food in the cabi-

net.

19-16. DEFROSTING COOLING
COIL

To eliminate the difficulties en-

countered in defrosting the frosting

type coils, companies have produced
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a coil which may be classified as the

defrosting type. This coil is used with

the thermostatic expansion valve re-

frigerant control. The area of the coil

is increased so that it will behave as

follows: during the running of the com-
pressor this coil will stay at a tem-
perature of 20 F. to 22 F. This will

cause a frost accumulation on the coil,

but after the compressor stops, this

19-20. A non-frosting coil. Note the provisions tor

removing the condensate.

(Bush Mfg. Co.)

coil warms up enough so all the frost

melts from the coil before the com-
pressor starts again, Fig. 19-19. This
arrangement works in some installa-

tions, but in others it may present
some problems. It appears that during
the off part of the cycle the top of the

coil may defrost and its moisture run
down the fins, but before the moisture
has time to escape it often freezes
around the lower parts of the fins. This
ice accumulation on the bottom fins may
block the air circulation around the

coils and interfere with proper refrig-

eration.

19-17. NON-FROSTING COIL

Because of the troubles experienced
with frosting coils some companies are
producing non-frosting coils. These
coils use only the thermostatic expan-

sion valve type of refrigerant control.

The construction is such that the area

of the coils is so great that in order to

cool the box down to 36 F. to 38 F.

these coils need never become colder

than 21 F. to 32 F. which naturally

allows them to be named non-frosting.

However, the refrigerant inside the

coil usually operates at 20 F. or 22 F.

to produce this surface temperature.

See Chapter 21. Occasionally these

coils accumulate a very slight coat of

frost just before the compressor shuts

off, Fig. 19-20. This frost disappears,

however, immediately after the com-
pressor stops. The big advantage of this

type of coil is the fact that since it is

not at a temperature below freezing

itself it does not have a tendency to

draw the moisture out of the air very

rapidly; therefore it is possible to

maintain a 75 per cent to 85 per cent

relative humidity in the cabinet, which

is the amount required to keep the

produce fresh and to keep it from
losing weight. Non-frosting coils are

slightly more bulky than the frosting

types. These coils should be baffled

to direct the flow of air around them.

The baffling should be so constructed

that the air will flow continually in one

direction past the coil. Baffling tends

to speed up the cooling of the air and

makes the coil more efficient, but it

does occupy some space. See Chapter

21 for baffle design.

Cooling coils are sometimes classi-

fied according to their construction.

The two most common constructions

19-21. A plate type cooling coil

(Kold Hold Div., Tranter Mfg. Co.
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are the tube and fin type, and the plate

type. As explained in Chapter 21, that

part of the cooling coil contacting the

air needs more surface than that part

in contact with the refrigerant. The
fins and the plates ar£" meaijs to fur-

nish more air contact surface. Figure
19-21 illustrates coil made of two
plates with one plate formed into

grooves for recesses. When the two

plates are fused together a plate-type

cooling coil is formed. Another type

plate coil is shown in Figure 19-22. It

uses refrigerant tubing mounted be-

tween two plates. A vacuum is created

between the plates to create a tight

contact between the tubing and the

plates.

19-22. A plate type cooling coil in which additional sur-

face is obtained by attaching plate to copper coils.

(Dole Refrigerating Co.)

Some of these coils have an eutec-
tic solution between the plates. This
solution freezes at a certain pre-de-
termined temperature and therefore
produces a long contact refrigeration

temperature.

19-18. FORCED CIRCULATION
COOLING COIL

Forced circulation cooling coils

consist of a compact arrangement of

refrigerant cooled tubes and fins about
which air is blown by means of an
electric fan. Both the coil and the fan

are usually enclosed in a metal hous-
ing. These coils have the advantage of

taking up a very small amount of space
and do not need any special or extra
baffling, Fig. 19-23. They do, however,
have a tendency toward rapid dehy-

dration of foods unless special care
is taken. If the coil is large and oper-
ates at a small temperature difference

(10 F. to 12. F.) and the air is cir-
culated slowly, there is less tendency
to dehydrate foods.

In installations in which dehydra-
tion is not important, small coils may
be used operating at a high tempera-
ture difference (20 F. to 30 F.), and the

air may be blown rapidly through the

coil. Thermostatic expansion valve re-

frigerant controls are usually used with

forced convection coils.

The motor which drives the fan

may be from 1/50 H.P. and up, and

may run continuously, or may be con-

trolled by the coil or the box tempera-
ture. The refrigerant temperature is

usually held quite low, but the coil

does not frost because of the rapid

air circulation, Fig. 19-24. However,

considerable sweating does occur and

facilities for drainage must be in-

corporated in the installation.

A coil of this kind is noted for the

rapidity with which it will cool a re-

frigerator cabinet. One can almost

neglect the heat leakage in calculating

the "pull down" time for this type of

coil. In storage cabinets used for

«**»
19-23. A blower coil designed for mounting in the cor-

ner of a refrigerator. Note the small amount of space

required. The air enters at the bottom, is cooled and

exits at the front. The unit requires a liquid line, a suc-

tion line, an electrical line, and a drain pipe.

(Refrigeration Engineering, Inc.)
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bottle beverages, for foods in sealed

containers, and for air-conditioning

work this forced convection cooling

coil is very popular.

One major problem with the con-

densate is removing it from the drain

pan to the nearest drain. Drain con-

nections are built into all the drain

pans and copper tubing is usually used

to carry the condensate away. How-
ever, in many cases the drain does

not work well enough due to the small

size of the drain or because the slope

of the drain is not enough.

A positive method to drain the

condensate, even in large amounts
during defrosting is to use a condensate

pump, Fig. 19-25. This pump is mount-
ed on the drain pan and is self prim-
ing. It operates continuously and uses

about 10 watts.

19-19. COOLING COIL
DEFROSTING

Many cooling coils operate at tem-
peratures below freezing. The demand
for open display cases and frozen foods

has necessitated many low temperature
installations. These coils operate at

refrigerant temperatures of F.,

-10 F., and even -20 F. Blower coils

are used in many cases at these low

temperatures and their small finspac-

ings makes frequent defrosting neces-

sary. Other type coils also need de-

frosting even though not so frequently.

It is desirable to defrost these coils

without disturbing the fixture tempera-
ture markedly. If the coils are not de-

frosted frequently, the frost accumula-
tion will soon make the cooling coil

inoperative.

It is very important that the user
still be strongly reminded to clean

the coil, the drain pans and the drain

lines frequently to prevent detrimental

odors. A soda solution may be used.

These coils are usually defrosted

automatically. A time clock control

either turns on the defrosting mech-
anism once each day or turns on the

defrost system after so many hours of

compressor operation.

The types of defrosting mechan-
isms are as follows:

1. The hot refrigerant gas system
2. The non-freezing solution sys-

tem
3. The water system
4. The electric heater system

19-24. A forced circulation cooling coil with the fan

unit removed.
(Refrigeration Engineering, Inc.)

5. The reverse cycle defrost sys-

tem
6. The warm air system
These defrosting devices either heat

the coil internally (from the inside) or

externally (from the outside).

19-20. HOT REFRIGERANT GAS
DEFROST SYSTEM

The hot gas system consists of

pumping the hot refrigerant gas from
the compressor directly through the

cooling tubing. It consists of a refrig-

erant line running from the compres-
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sor exhaust line up to the cooling coil

and connecting this line into the sys-

tem between the thermostatic expan-

sion valve and the cooling coil. The
operation of this line is controlled by
a solenoid shut off valve, mpunted in

it.

19-25. A condensate pump for use on cooling coil

drains. A. Condensate outlet; B. Electrical leads; C.
Mounting Bracket.

(Peerless of America, Inc.)

At the predetermined time (usual-

ly set at 12 midnight or 1 A.M.), the

time clock closes a circuit which
starts the compressor, opens the sol-
enoid valve and stops the fan motors.
The hot gas rushes through the cooling
coil (warming it) and then back to the
compressor along the suction line, Fig.
19-26.

This system will usually defrost the
coil in 5 to 10 minutes of operation. To
keep the defrost water from freezing
in the drain pan and tube, part of the

defrost line is installed underthe drain
pan to keep it warm.

It is best to evaporate the refriger-
ant that condenses in the cooling coil

during the defrost cycle. Heat is ap-
plied to the returning refrigerant (elec-

tric in some cases) to do this vapor-
izing. In the illustration, a special
blower evaporator is installed in con-
nection with the suction line and the air
forced over this re-evaporatorinsures
•that only gas can get back to the com-
pressor. This blower works only while

the unit is on defrost.

A suction line pressure reducing
valve (a regulating valve) is installed
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19-26. A hot gas defrosting system.

(Bush Mfg. Co.)
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19-27. A defrost system with a non-freezing solution tank to furnish heat for re-evaporation of the return refrigerant.

in the suction line to keep the low side

pressure of the gas going to the com-
pressor at a safe pressure level.

It is very important that slugs of re-

frigerant be prevented from entering

the compressor. Re-evaporation should

be as thorough as possible.

19-21. NON-FREEZING SOLUTION
SYSTEM

A system that has been used for

years is a hot gas defrost system that

uses a special cabinet in which a brine

is stored. The refrigerant gas from the

compressor is pumped through this

heat storage unit before it goes to the

condenser. The brine is therefore heat-
ed during the normal cycle. An oil trap

is also installed in this part of the sys-
tem to insure oil return to the com-
pressor. Some systems heat the brine
from a separate heat source. Electrical
heating elements are usually used. The
heaters are normally energized only

during defrosting.

To defrost the system, the defrost
timer opens a solenoid valve in a line

running from the condenser line to the

cooling coil just on the cooling coil

side of the thermostatic expansion

valve. The refrigerant returns to the

compressor in the original suction line.

However this line is usually heated. One
system is to run it through the top of a

cylinder immersed in the stored heat

liquid solution in the tank. Any liquid

refrigerant in the return refrigerant is

trapped in the lower end of the inside

tank and it is evaporated by the heat

in the solution in the outer tank, Figure
19-27.

The heat exchanger is insulated to

help retain the heat that is stored in

the non-freezing solution.

19-22. WATER DEFROST
SYSTEM

The water defrost system either

manually or automatically runs tap

water over the cooling coil and turns

off the refrigerator, Fig. 19-28. Thel

water is warm enough to melt the icei

and the water is drained away by

means of the cooling coil drain pan.

It is important to drain the watei

from the water lines before this watei

can freeze. The water is sprayed ovei

the cooling coil or it is fed to a par

located over the coil and holes in the
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1) Supply Line

2) Drain Line

3) Three-Woy Valve

4) Supply Line Bleed

5) Line Valve
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Another electric defrost system

uses an immersion type electric heat-

er to heat a separate charge of refrig-

erant. This warm refrigerant then

circulates around the cooling coil in

its own passageways to warm the cool-

ing coil and defrost the system while

the refrigerating unit is turned off.

Still another application of the elec-

tric heater defrost system is to use a

double tube cooling coil. The cooling

coil refrigerant passes through the

passageway between the tubes during

normal refrigeration. When defrosting

is needed, the system is stopped and

electric heating elements inserted in

the center tube heat the cooling tubes

and cause defrosting from the inside.

Fig. 19-30.

19-29. An automatic timer used with water defrost

systems.

(Paragon Electric Co.)

19-24. REVERSE CYCLE DEFROST
SYSTEM

Another system used to defrost a

coil is to reverse the flow of refrig-

erant in the system and therefore make
the cooling coil become the condenser
and make the condenser become the

cooling coil.

This reversing is accomplished by
installing a four way valve, two check

19-30. An electric defrost system with the electric heat-

ing elements installed within the coil tubing. A. Fin;

B. Outer tube; C. Inner fin; D. Inner tube; E. Heating

element.

valves and an automatic expansion

valve in the system, Fig. 19-31.

To operate on defrost, the four

way valve is turned, either manually
or automatically and the hot gas from
the compressor travels up the suction

line, heating the cooling coil by con-

densing in it and by-passes the ther-

mostatic expansion valve through one

of the check valves. It then passes

through the receiver and is then throt-

tled by the automatic expansion valve

(the check valve at this point prevents

by-passing the expansion valve). The
refrigerant boils in the condenser and

A^ rB

19-31, A reverse cycle defrost system condensing unit.

This condensing unit is connected to a blower coil

equipped with a thermostatic expansion valve with a check

valve controlled by-pass. A. Four-way valve; B. Solenoid

pilot valve for the four-way valve; C. Fan delay control;

D. Low pressure control; E. Timer control; F. Expansion

valve which operates when unit is on defrost and when

the condenser becomes a temporary cooling coil.

(Lehigh Mfg. Co.)
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is returned to the compressor in a

gaseous state. The automatic expan-

sion valve is adjusted to maintain a

maximum safe low side pressure to

prevent freezing temperatures in the

condenser.

The liquid receiver is designed to

permit the reverse flow of gas to

travel over the reserve liquid in the

receiver and not return it to the con-

denser. See Chapter 26 for more de-

tail on reverse cycles.

19-25. WARM AIR DEFROSTING

Where sufficient warm air is avail-

able, it can be used to defrost low tem-
peratures coils. If the cabinet air is

warm enough, it can be used for de-

frost purposes. The cycles must be

frequent enough and often enough' to

defrost the coil completely.

Some installations bring in outside

air to perform the defrosting by using

a duct system with blowers and a fan.

19-26. IMMERSED COOLING COIL
(BRINE)

The other big field of commercial
cooling coils is the immersed type,

where the coils are surrounded by

calcium chloride or alcohol brine. A
small plain, tube-cooling coil sub-

merged in this brine has very good

heat transfer. The efficiency of these

coils is greatly increased because of

the fact that liquids transfer heat to

metals much faster than air can trans-
fer heat to metals; a ratio of 50 or 100

to 1. That is, a submerged coil can

remove 50 to 100 Btu per hour, per

degree temperature difference, per

square foot of coil surface, whereas
air-cooling coils can remove only 1

Btu under the same conditions. These
coils may use either a low side float

or a thermostatic expansion valve re-

frigerant control when used in multiple

installations.

19-32. A sweet water bath brine. The ice accumulation

is controlled by the location of the thermostatic expan-

sion valve feeler bulb.

(Detroit Controls Corp.)

19-27. IMMERSED COOLING COIL
(SWEET WATER)

Another type of submerged cooling

coil is a coil submerged in ordinary

tap water which is termed a sweet

water bath. The common example of

this type is the water-cooling device

used in soda fountains. The cooling coil

is submerged in the sweet water, and

another coil in which the water is to

be cooled and consumed by the cus-

WfcTgg OuTLl

19-33. A pressure type beverage cooler. The refrig-

erant coils are submerged in the beverage to be cooled.

(Filtrine Mfg. Co.)

tomer is also submerged in this same

water.

It is the feature of this design to

allow this sweet water to freeze a

little around the coil during what is

449



TEMP ADJUSTING SCREW
LEGEND

i H
REFRIG REFRIG PLAIN SELTZER

LIQUID GAS WATER WATER

SERVICE GAUGE CONNECTION

LIQ SHUT-OFF VALVE

LIQ FLOAT VALVE NEEDLE

19-34. A beverage cooling coil, for two different beverages, using a low side float refrigerant control.

(Temprite Products Corp.)

called the non-load period. This light

ice accumulation around the cooling

coil will act as a storage reserve of

refrigeration. These systems use the

thermostatic expansion valve, Fig. 19-

32. In the event a thermostatic ex-

pansion valve refrigerant control is

used the thermostatic bulb should be

clamped to the outlet of the coil. The

coil should reach to the bottom of the

bath if the temperature of the bath is

to be less than 39.1 F. Water between

39.1 F. and 32 F. tends to expand and

rise. Therefore, the coldest water,

between these temperatures, will be at

the top.

19-28. PRESSURE TYPE BEVERAGE
COOLER

A type of cooling coil which may
be classed as the submerged type is

the pressure type beverage cooler. In

this cooling coil the liquid refrigerant

is carried in a tube submerged in the

beverage to be cooled. Its construc-

tion is similar to that of the liquid

receiver type of water-cooled con-

denser. This construction is quite com-
mon for instantaneous water coolers.

Fig. 19-33. A precaution to be ob-

served in this type is that the tem-
perature of the beverage should never

be such that it will freeze to any ex-

tent.

Another type of submerged cooling

ceil design is illustrated in the bever-

age cooler made by the Temprite Cool-

er Corp. This unit consists of a coil

of tubing, carrying the beverage to be

consumed, submerged in a quantity of

liquid refrigerant. The liquid refriger-

ant is controlled by a low side type

float, Fig. 19-34.

A beverage cooling coil that takes

advantage of the high heat conductivity

of aluminum is the all-metal beverage

cooling coil made by the Heat-X Divi-

sion, of the Bush Mfg. Co.

Two separate copper tubes are

coiled in a helix design and they are

then put in a permanent mold and liquid

aluminum is poured into the mold. After

solidification the two tubes are com-
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pletely encased in a hollow cylinder 01

aluminum. The heat transfer is ex-

cellent. If refrigerant is evaporated in

one coil, heat will flow from whatever
liquid may be flowing in the other coil,

Fig. 19-35. r
The surrounding of the tubing by

the casting produces an extremely
strong coil that can survive freezing of

water in the tubes.

Stainless steel tubing is also used

as one of the tubes when beverages

that require that metal are to be re-

frigerated.

Some of these coolers have three

or more separate tubes encased by the

aluminum when more than one liquid

is to be cooled.

19-29. HEAT EXCHANGERS

To increase the efficiency of opera-

tion of larger commercial units and air

conditioning comfort cooling installa-

tions, a heat exchanger is often mount-
ed in the liquid and suction line.

A heat exchanger, as the name in-

dicates, provides for a heat transfer

from the warmer liquid in the liquid

line to the cool gas coming from the

cooling unit. A study of Fig. 19-36 will

show that if the liquid is cooled 10 to

20 F. at the prevailing head pressure

and as it passes through the refriger-

ant control the liquid can absorb more
latent heat as it changes to a gas.

The reduction of "flash gas" is

important. Vaporized refrigerant which

comes from the instantaneous change

of some of the liquid to a gas as the

refrigerant passes through the refrig-

erant control reduces the valve capa-

city, increases the low side pressure

drop, and reduces the amount of heat

each pound of refrigerant can absorb

as it evaporates. The flash gas is de-

veloped by some of the liquid vap-

orizing to cool the remainder of the

liquid to the evaporating temperature.

The heat exchanger cools the liquid re-

frigerant and reduces the flash gas
and the heat from the liquid helps pre-
vent sweat backs or frost backs on the
suction line.

It is essential that the heat ex-
changer be large enough to allow suf-
ficient heat transfer and they should
not increase the low side pressure drop
appreciably.

The heat exchangers are rated on
the Btu capacity of the system.

When installing a heat exchanger one
should specify the refrigerant, the units

Btu capacity and the size of the liquid

and suction lines.

19-35. A dry type beverage cooling coil. The aluminum

casting surrounds the refrigerant coils and the beverage

coils and permits rapid heat transfer. The refrigerant

control used is a thermostatic expansion valve.

(Bush Mfg. Co.)

19-30. REFRIGERANT CONTROLS

For single installations involving

19-36. A heat exchanger used on commercial systems.

(Mueller Brass Co.)
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one cooling unit and one condensing

unit the five types of refrigerant con-

trols that can be used are: automatic

expansion valves, thermostatic expan-

sion valves, high side floats, low side

floats and capillary tubes. These are

explained in Chapter 5. As previously

mentioned, in multiple installations

which cover a greater magnitude of

uses, the only two types of refrigerant

controls usable are the low side float

and the thermostatic expansion valve.

Thermostatic expansion valves are

B DIFFERENTIA!.

(Chongm Cutout
Point Only i

A RANGE ADJUSTING SCREW
ChongM both cut .n end cut

19-37. A pressure motor control used on commercial
Installations.

(Penn Controls, Inc.)

used almost exclusively, but there are

a few low side float systems still in

use.

The thermostatic expansion valve

is explained in Chapter 5. One should

study their design, operation, installa-

tion, care and repair before proceed-

ing with this chapter.

19-31. MOTOR CONTROLS

The two basic types of motor con-

trols used in commercial refrigeration

are identical to those used in domestic

refrigeration, namely, the pressure

motor control, and the thermostatic

motor control.

In multiple commercial work, pres-

sure motor controls are the most popu-

lar. The reason for this is that the low

side pressure is an indication of the

temperature in the coil, and one control

works well regardless of the number of

coils connected to it, Fig. 19-37. These
controls provide both range and dif-

ferential adjustments. Explanation of

the various range and differential ad-

justments will be found in Chapter 6.

The control consists of a switch
,

built into a toggle arrangement which

is acted upon by a bellows whose pres-

sure may be either temperature, or

pressure operated. As the pressure in

the bellows builds up, the toggle is

snapped and the switch contact points

close, starting the motor.

The current draw of the larger

motors is enough to make a motor start-

er necessary for A. C. motors of single

phase of over 1 H.P. All three-phase

A. C. motors require a starter. This

electrical work should be done by a

licensed electrician and the work should

strictly follow the local electrical code

requirements.

As the compressor runs, it reduces

the temperature, or the pressure on

the bellows, until the toggle is snapped

the other way, opening the switch and

stopping the motor.

These controls have a range adjust-

ment which is usually an adjustable

spring pressing against the bellows.

When the spring pressure against the

bellows is increased, the cut-in and

cut-out points are raised equally. The
range adjustment controls the cabinet

temperatures desired, Fig. 19-38.

The distance between the cut-in and

cut-out points registered either in de-

grees F. or in pounds per square inch

is called the differential. It is an ad-

justment which controls the amount or
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the distance the toggle snaps. The dif-

ferential controls the cycling interval.

The three types of differential adjust-

ments are:

1. Adjusting cut-out only.

2. Adjusting cut-in-only.

3. Adjusting both (either putting

them farther apart or closer together).

See Chapter 6 for detailed explana-
tion of motor control operation.

19-32. PRESSURE MOTOR
CONTROL

This control is usually located on
the condensing unit, and the low side
pressure operates the mechanism.

RANGE
AOJUSTMfcNT SCRfW-

DlFFERENTIAL
ADJUSTMENT SCREW

19-38. A schematic diagram showing operation and adjustments of pressure motor control.

(Frigidaire Div., General Motors Corp.)

RANGE ADJUSTING SCREW
Changes both cut-in and cut-

out points Set cut in point

idiustment

HIGH PRESSURE
CUT OUT ADJUST
MENT Differential

factory

19-39. A pressure operated motor control with

pressure safety cut-out.

(Penn Controls. Inc.)

high

Some companies recommend tapping

into the low side suction line about 10

to 15 feet from the compressor for

this control, Fig. 19-39. The range

settings vary with the application. The

cut-out pressure should correspond to

a temperature approximately 10 F. be-

low the desired coil temperature, while

the cut-in pressure should correspond

approximately to the coil temperature.

The differential setting will vary

depending upon the temperature accur-

acy desired. A wide pressure difference

will allow some variation in cabinet

temperature and will lengthen the cycle

interval of operation of the condensing

unit. A differential set to close limits

will maintain a more uniform cabinet

temperature but will shorten the cycling

interval of the condensing unit. A pres-

sure difference between the cut-in and

cut-out point commonly used is ap-
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19-40. An oil pressure safety cut out tor large cor

mercial systems.

(Penn Controls, Inc.)

proximately 15 psi for methyl chloride,

and 20 psi for Freon-12.
Remember to use 2 inches of mer-

cury vacuum equal to 1 psi.

19-33. THERMOSTATIC MOTOR
CONTROL

The thermostatic motor control is

similar to the pressure control in con-
struction and arrangement except for

the power bulb and capillary tube. This

control is usually used only in large

sized single installations. However,
satisfactory set-ups have been made
in multiple installations which assume

that, when the one controlled cabinet

has cooled sufficiently, the others have

also.
The thermostatic motor controls

are popular in brine cooling installa-

tions with the power element submerg-
ed in the brine. Ice cream cabinets

are a typical example. When used in

single cabinet installations the power
element is usually mounted in the cabi-

net four feet up from the floor between
the cold and warm air flues and at

least two inches from the wall.

An innovation in multiple installa-

tions involving an ice cream cabinet

is that a pressure motor control, locat-

ed on the condensing unit, and a ther-

mostatic motor control, located on the

ice cream cabinet, are connected in

parallel to make the condensing unit

operate until both the ice cream cabi-

net temperature and the low side pres-
sures are low enough. It is only when
both controls are open that the unit

will stop.

19-34. SAFETY MOTOR
CONTROLS

An important difference between
commercial and domestic controls is

the fact that commercial controls in-

corporate safety devices known as (1)

a high pressure safety cut-out, (2) an

oil pressure safety cut-out.

The high pressure safety device

consists of a bellows built into the

control and connected to the high pres-
sure side of the system. It is frequently

connected to the cylinder head to per-
mit easy disconnecting of the control

from the system. This bellows is at-

tached to a plunger in such a manner
that if the head pressure becomes too

high due to air in the system, the con-

denser water being shut off, or other

causes, this bellows will expand, push
the plunger against the switch, and shut

off the motor.

This control is called a safety de-

vice because its action prevents the
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building up of dangerous pressures
within the system; more important still

is the fact that it prevents ruining the

motor through over-loading and over-

heating. These controls are usually set

to cut-out at about L25 psi pressure,

except in Freon-12 systems, in which
case the control is set at about 150 to

160 psi.

The oil pressure safety cut-out is a

safety device that will shut off the elec-

trical power if the oil pressure fails or

dips below normal. It is a differential

control, using two bellows. One bellows

responds to the low side pressure and

the other responds to the oil pressure.

The control will open the circuit if the

pressure difference between the two
bellows drops below the required oil

pressure needed, Fig. 19-40. This con-

trol is used in the larger commercial
systems. When the pressure difference

is too low the mechanism sends the

current through a bi-metal strip and

if this strip heats up before the pres-

sure returns to normal, the power is

disconnected.

19-35. DUAL MOTOR CONTROLS

Keeping good refrigeration temper-
atures with good humidity characteris-

tics, and without excessive frosting of

the cooling coils, has always been an

engineering problem in commercial re-

frigeration. Recently several methods

have been devised to alleviate the situ-

ation.

Controls have been designed which

operate on the principle of using the

cabinet temperature to produce the

cut-out and the coil temperature to

produce the cut-in. This insures cor-

rect cabinet temperatures before the

unit stops and a defrosted coil before

the machine starts on every cycle while

maintaining good humidity characteris-

tics. The control may be used either in

single or multiple installations.

A control called the "Polartron,"

which uses a thermostat in conjunction

with a holding coil to obtain correct

cabinet temperature on the cut-out

while a pressure element, also con-
nects to the control and controls the

cut-in point and thereby determines
that the frost on the coils will melt

away on each cycle. This control also

incorporates a high-pressure safety

cut-out which will not allow the mach-
ine to start unless the head pressures

are down to normal. An overload relay

provided for safety in case of excessive

motor loads.

A commercial motor control was
developed which solves the problem of

maintaining good refrigeration temper-

atures during low ambient temperature

periods (ambient temperature refers

to outside, i.e., surrounding tempera-

ture). This action is accomplished by

cycling the unit with the high-pressure

control. If the condensing pressure

falls to a certain level, due to the cool-

ing action of the ambient temperature,

the condensing unit will cut-in, thereby

cycling the unit, even though the low-

pressure cut-in may not have been

reached in the cabinet. This more fre-

quent cycling eliminates the spoilage

film that sometimes forms on meats

if an ordinary control is used under

these conditions.

19-36. MOTOR STARTERS

The control contacts (open or seal-

ed) are limited to the amount of cur-

rent they can carry safely. The Nation-

al Electric Code and the local electric

codes usually specify the limitations of

these controls.

However, these same commercial

controls can be used for larger motors

(larger loads) by using a device called

a magnetic starter.

The magnetic starter is an electro-

magnetic device. The magnetism is

controlled by the electricity that flows

through the motor control. The magnet-
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ism attracts a piece of steel (or arma-

ture) and when this armature moves, it

closes large contact points that safely

carry the large currents needed for the

large motors, Fig. 19-41. These start-

ers are mounted in an approved metal

box with a safety access door. Some of

the units incorporate a manual shut off

switch, fuses and an overload thermal

safety breaker. The safety switch is a

heating element located in the motor

line. If the motor demands too much
current (shorts, grounds, or overloads)

this heater will cause a thermal bi-

metal strip to bend, opening the elec-

tromagnet circuit, which in turn will

open the main switch.

19-37. DEFROST TIMERS

The automatic defrosters require

an automatic device for starting the

defrost cycle. In installations which

use a defrost timer an electric self-

starting clock mechanism is used to

operate a cam which actuates the

switches. Fig. 19-42.

Some of these time clocks are con-

nected directly to the electric power

%/
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19-41. A schematic diagram of an automatic control on

a magnetic starter.

and will defrost the system at the in-
tervals necessary to maintain an ef-
ficiently operating coil. Some coils
need to be defrosted every few hours,
while some coils need to be defrosted
only once each day. The cams can be
adjusted to control the length of the de-
frost cycle.

Some of the timers are connected to
the electric power in parallel with the
motor. The clock mechanism only re-
gisters the running time of the condens-

19-42. A timer used to operate the defrost cycle.

(Penn Controls, Inc.)

ing unit. These mechanisms also are

adjustable for starting the defrost cycle

based on hours of running time, Fig.

19-43.

The timer wiring differs according

to the type of defrost system. In one

hot gas system, the timer energizes

the solenoid valve, stops the fan mot-
ors, energizes auxiliary electric heat-

er elements, runs the compressor,
etc. It also may be used to prevent the

normal cycle from starting until the

low side pressure is reduced to nor-

mal levels.

An electrically operated timer is

shown in Fig. 19-44. The control can

be used with any type defrosting sys-

tem. The defrost "off" time is adjust-

able from 15 to 120 minutes (lower

left). The buttons on the dial determine
the starting time of each defrost cycle.

Another type of automatic timer for

defrosting is shown in Fig. 19-45.

M2V
SINGLE POLE cdNTROLLER

* "!" ^ONfr"" compressor motor
° L C U L

OR LINE STARTER
PENN SERIES 748

NOTE

CONTINUOUS POWER MUST BE SUPPLIED TO
CLOCK TERMINALS. . . 115 VAC TO CLOCK
TERMINALS I AND 2 AS SHOWN OR 230 VAC
TO CLOCK TERMINALS I AND 3.

19-43. A diagram of a defrost timer circuit.

(Penn Controls, Inc.)
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This unit is electrically connected

to an external pressure control or

thermostat so at a predetermined time

starts the defrost. A pressure setting

19-44. An automatic timer that may be used to control

any type of defrosting system.

19-45. An automatic timer that is used with pressurestat

or thermostat to control return to normal operation. The

control can also be operated on time only. It also has a

safety device for starting the refrigerating.

(Paragon Electric Co.)

19-46. A defrost timer that has a pressure attachment

which operates from the low pressure side. The timer

starts the defrost action while the pressure device re-

turns the system to normal operation.

(Paragon Electric Co.)

or temperature setting operates a sol-
enoid to end the defrost time. The
control has a fail-safe device which
will turn the refrigerating unit on
again after a certain time interval if

the pressurestat or thermostat do not

run it on.

A timer that can be used with either
hot gas or electrical heat is shown in

Fig. 19-46. It uses the timer motor to

start the defrost action and a pressure
control connected to the low pressure
side of the system is used to return the

system to normal operation.

19-38.

19-47. A two-temperature valve.

(Fedders Mfg. Co.)

TWO-TEMPERATURE
VALVES (PRESSURE
CONTROL)

In many multiple installations it is

necessary to maintain different tem-

peratures in the various coils connect-

ed in the same system. Thermostatic

expansion valves may be used if the

temperature differences are not too

great (not over 5 F.) but in some in-

stances, such as with a storage cabi-

net and an ice cream cabinet combina-

tion, the temperature differences are
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too great to be taken care of in this

manner. To provide for this a two-

temperature valve is put into the suc-

tion line; it operates in such a manner
that it prevents the pressure of the

warmest coil from going below a pre-

determined setting. These valves are

sometimes called constant pressure
valves or pressure reducer valves.

The valves sometimes are used to in-

sure a constant low side pressure.

Their construction consists of a bel-

lows, a needle, and seat arranged in

such a way that the bellows is actuated

by the pressure in the warmest coil.

Fig. 19-47. As the compressor pumps
the low side down to this predetermined

as explained above should not constitute

more than 40 per cent of the total load

of a system. If the controlled coil is

too large, erratic cycling will result.

(See surge tanks, Par. 19-44). If the

controlled load amounts to more than

40 per cent seperate condensing units

should be used. There are two general

types of two-temperature valves:

1. Pressure operated

a. Metering
b. Snap-action

2. Temperature operated

a. Vapor pressure
b. Thermostat and Solenoid

19-39. METERING TYPE TWO
TEMPERATURE VALVE

* -

19-48. A metering type two-temperature valve.

(Temprite Products Corp.)

The metering type, two-tempera-
ture valve (the first one developed) acts

more as a throttling device than as a

shut-off valve. It opens and closes when
the pressure varies only a fraction of a

pound, having no differential. This con-

trol is very popular in an ice cream
cabinet and a soda fountain installation.

The needle may be better termed a

plunger because the valve openings

must be made large enough not to offer

much restriction to the gas flow. Many

pressure, the bellows shuts off this

valve, preventing the pressure in the

warmest coils from going below the

pressure desired. As the pressure in

the coil builds up, due to the vaporizing

of the refrigerant in the coil, the bel-

lows again opens the valve allowing the

gas to travel to the compressor.
Since the pressure maintained upon

the surface of a quantity of liquid re-

frigerant determines the temperature
at which the refrigerant will evaporate,

this suction line valve will control the

temperature of the coil to which the

suction line is attached, even though

the suction pressure of the compressor
is considerably below the coil pres-
sure. The controlled coil or coils such

19-49. A snap-action, two-temperature valve.

(Fedders Mfg. Co.)
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of these metering controls have a very
small adjustment range, being es-
pecially designed to maintain beverage
temperature pressures. The parts are
heavily cadmium plated because the

valve is often located" in damp places.

It must not corrode, Fig. 19-48.

Most of these valves are equipped

with a gauge opening to permit the

service man to adjust and check the

warmer coil pressure.

19-40. SNAP ACTION TYPE TWO
TEMPERATURE VALVE

The snap-action type is such that,

when the valve closes, a decided rise

in pressure is made in the warm coil

before the valve will open again. One
important function of the snap-action

pressure operated valve is that it es-

tablishes a definite cut-in pressure
and therefore temperature. It is used

where one would like to defrost the coil

on each cycle. Fig. 19-49. The differ-

1^.

19-50. Snap-action, two temperature valve. A. Cut-in

differential adjusting screw; B. Lock nut; C. Range ad-

justment lock screw; D. Range adjustment nut; E. Gauge
connection; F. Outlet; G. Gauge valve stem; H. Inlet;

I. Bellows; J. Spring; K. Differential spring; L. Actuating

rod; M. Toggle; N. Valve.

(Frigidaire Div., General Motors Corp.)

ential construction is the typical toggle
arrangement which is in motor con-
trols and permits both a range and a
differential adjustment for the back
pressures of the warmest coil. This
control is used more with equal tem-
perature coils, but with coils of un-
equal capacity, although it may be used
in place of metering type valves, Fig.

19-50. An example of such an installa-

Loading Plait

Rubber Loading Cushion llrtalnrr

MniiMing llr.rktl

Controlled Cooling Unit
Connection

19-51. A diaphragm type, two-temperature snap-action

valve.

(Barostat Co.)

tion would be a multiple system cooling

a walk-in cooler and a display case.

The two-temperature valve should be

located on the suction line to the dis-

play case. Another type of snap-action,

two-temperature valve is the Barostat

which uses the principle of a snap-

action diaphragm, Fig. 19-51.

19-41. THERMOSTATIC TYPE
TWO TEMPERATURE VALVE

Another type of two-temperature

valve has a temperature control and

is built very much like a thermostatic

expansion valve. Its operation is simi-

lar in that it operates from the tem-

perature of the coil. It has a capillary

tube and a power bulb similar to the

thermostatic expansion valve, along

with a bellows arrangement to utilize

the different pressures created in the

power bulb.
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When the coil which this particular

two-temperature valve controls be-

comes cool enough, the power bulb in

cooling off also lowers the pressure

in the bellows, thus operating the valve

plunger and shutting off the valve, Fig.

19-52. This prevents the pressure from
becoming any lower in the coil to which

this valve is attached, thereby control-

ling the minimum temperatures of the

coil.

As the coil warms up, the power
bulb also warms up and the increase

19-52. A thermostatic type, two-temperature valve. A.

Bellows case cap; 2. Adjusting screw; 3. Adjusting spring;

4. Bellows case; 5. Adjusting bellows; 6. Body; 7. Outlet

or inlet; 8. Inlet or outlet; 9. Control rod; 10. Control

bellows; II. Bellows case; 12. Control line; 13. Control

bulb.

(Kelvinator Div., American Motors Corp.)

in pressure is transmitted to the bel-

lows. The valve is then opened per-
mitting the compressor to draw vapor-
ized refrigerant from that coil again.

This latter type of valve is always
located on the warmest coil as are the

two previous types, Fig. 19-53.

19-42. SOLENOID VALVE
THERMOSTAT
COMBINATION, TWO
TEMPERATURE TYPE

A fourth way to obtain various fix-

19-53. Thermostatic two-temperature valve. A. Bellows;

B. Spring; C. Rubber sleeve; D. Inlet connection; E.

Stationary seat; F. Movable seat; G. Outlet connection;

H. Indicating pin; I. Adjustment holes; J. Bellows; K.

Thermal bulb; L. Valve cap.

(Frigidaire Div., General Motors Corp.)

f=XJ=*\

19-54. A diagram of solenoid valve.

(Detroit Controls Corp.)
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19-55. Installation of solenoid valves.

(Detroit Controls Corp.)

ture temperatures in a multiple in-

stallation is to use a thermostat con-

nected in series with a solenoid valve,

Fig. 19-54.

The solenoid shut-off valve is usual-

ly located in the liquid line, Fig. 19-

55. Some systems have the solenoid

valve in the suction line to prevent re-

moving the refrigerant from the cool-

ing coil. The thermostat is operated by

the fixture temperature. When the fix-

ture reaches the correct temperature,

the thermostat opens and the electric

solenoid loses its magnetism and the

valve closes. No more refrigerant is

fed to the coil and the cabinet will grad-

ually warm up until the thermostat

points close, the solenoid valve opens,

and the refrigeration starts again.

This system controls the refrigera-

tion based on fixture temperature, the

condensing is controlled by a pressure

control, and the motor will stop only

when all the fixtures are cooled.

Another application of a solenoid

valve is to use it to stop flooding the

SOLENOID VALVE

EXPANSION VALVE

C SERv

19-56. A solenoid valve located in the liquid Jine and

controlled by the pressure motor control.

(Detroit Controls Corp.)

low pressure side during the off cycle.

This solenoid is electrically connected

in parallel with the pressure motor

control. Fig. 19-56.

19.43. CHECK VALVES

Many multiple installations are

made in which one condensing unit is
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connected to several coils all of which

are at different temperatures. Two
temperature valves are used to pro-

cure these temperatures. Check valves

are sometimes put in the suction line

of the coldest coils to eliminate erratic

refrigeration.

After the condensing unit has stop-

ped, one of the two-temperature valves

may open before the condensing unit

turns on, tending to flood the low side

with a relatively warm refrigerant

gas. This gas will also travel along

the suction line of the coldest coil.

If it enters this coil it will start con-

densing, releasing its latent heat. This

will make the cold coil defrost or at

least warm up somewhat. The check

valve when installed in the suction line

w £

19-59. A cutaway view of an oil separator. A. Inlet;

B. Outlet; C. Oil return tube; D. Oil float; E. Mounting

bolt.

(Aminco Refrigeration Products Co.)

19-57. A suction line check valve used in multiple tem-
perature installation.

(Kerotest Mfg. Co.)

of the coldest coil will only allow gas
to be drawn from this coil and it will

prevent warm gas going into the coil

to warm it. Fig. 19-57.

19-58. A surge tank installation. A. Surge tank; R.

Check valve; C. Two temperature v*'ve; D. Compressor;

F. Motor control.

This check valve must have a tight

valve and the valve must open easily.

If the valve is too small or it opens

with difficulty, it will act as a throttling

device and cause too much pressure

drop, tending to cause poor refrigera-

tion in the coldest coil.

19-44. SURGE TANKS

A multiple temperature installation

has a tendency to short cycle a pres-

sure controlled condensing unit due to

the pressure fluctuations resulting

from the opening and closing of the

two-temperature valves.

For example, if the two-tempera-
ture is closed and the condensing unit

cools the lowest temperature coil

enough to open the pressure motor con-

trol, the condensing unit will stop. But

if just after this stopping, the two-

temperature valve opens, the low side

pressure will rise rapidly and turn on

the condensing unit, causing a short

cycle. To eliminate this trouble a large

cylinder or surge tank may be installed

in the main suction line just ahead of

the compressor. This surge tank is
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made large enough that even though the

init is stopped and a two-temperature

»alve opens, the low side pressure will

lot build up and start the unit too fre-

quently due to the capacity of the surge

;ank to absorb a large gas volume and

:hereby slow down the pressure

changes. The line connected from the

Dottom of this tank to the compressor
will facilitate oil return to the com-
pressor, Fig. 19-58.

19-45. OIL SEPARATORS

It is very important that the com-
pressor be kept lubricated. Because

the compressor does pump a certain

amount of oil as it pumps the refrig-

erant gas, and because there is a pos-

sible chance that too much oil may be

removed by the compressor, it is im-
portant to return the pumped oil back

to the compressor as quickly as

possible before the compressor friction

surfaces are ruined.

All refrigerating systems are more
efficient when the oil is kept in the

19-60. An oil separator.

(Temprite Products Corp.)

compressor. The capacity of each part

of the system is increased by 5 to 15%.

It is especially important to keep the

oil from circulation in low tempera-
ture installations. Figure 19-59 illus-

trates a cutaway view of an oil sepa-
rator.

Oil separators are placed between
the compressor and the condenser. The
oil separator collects the oil pumped
over from the compressor and when a

certain oil level is reached in the oil

separator, a float opens a needle valve

allowing the oil to be returned to the

crankcase of the compressor. Figure
19-60 illustrates a typical oil separat-

or.

The oil separates from the gas re-

frigerant because the velocity of the

19-61. A suction pressure throttling valve. The arrows

indicate the direction of gas flow. The adjusting screw

is located under the seal cap A.

(Aminco Refrigeration Products Co.)

gas slows down as it arrives in the

separator. Also the separator is in-

sulated to prevent it acting as a refrig-

erant condenser.

19-46. COMPRESSOR LOW SIDE

PRESSURE CONTROL
VALVES

The starting of a compressor is one

of the hardest loads the motor en-

counters. The inertia of the moving

parts and the fact that the crankcase

pressure is at a maximum just as the

compressor starts, necessitates using

motors of excess capacity, and even
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then they are usually taxed to their

limit at the moment of starting.

A low side pressure control is now

being used on some installations which

keeps the low side pressures in the

crankcase down to a reasonable level,

Fig. 19-61. It may be termed a re-

versed metering, two-temperature

valve because it never permits the

crankcase pressure to exceed a cer-

tain predetermined value and if the

suction line pressure tends to exceed

this value, the valve shuts the suction

line off from the compressor. The body

of the valve is usually made of brass,

crT)
19-62. A non-adjustable compressor low side pressure

regulating valve.

(Sporlan Valve Co.)

the diaphragm or bellows of phosphor

bronze and the needle and seat are made
of wear-resisting steel alloy.

These crankcase pressure regulat-

ing valves are needed where the com-
pressor has to run too long before the

low side pressure drops to a safe pres-

sure. Another type of pressure regu-

lating valve is shown in Fig. 19-62.

This valve is non-adjustable and is

preset to open at 11 psig for low tem-
perature units or 27 psig for standard

applications. The valve is actuated by

a pressure difference in the low side

and in the refrigerant charge in the

cap.

A refrigerating system that uses a

pressure operated compressor pres-

sure regulating valve is shown in Fig.

19-63. This system uses three phase

power, has a dehydrator, strainer, and

a solenoid valve in the liquid line.

Figure 19-64 illustrates a multiple

installation cooling, a display case and

S START

E

SWITCH

19-63. A refrigerating system showing the relative loca-

tion of some of the more common refrigerant controls.

(Alco Valve Co.)

a frozen foods case. Note the location

of the two-temperature valve, the low

pressure motor control, the dehydra-

tor, and the water line controls.

19-47. WATER VALVES

Many commercial units from 1/2

H.P. up use a water-cooled condenser

wherever water is available. Due to

better heat transfer and the lower

condenser temperatures and pressures

possible in a water-cooled condenser,

the amount of power required to drive

the condensing unit will be less than

for a corresponding size air-cooled

installation. This saving in electrical

power compensates to some extent for

the cost of the water used.

The purpose of the water valve is

to turn the water on and off as needed,

and also to vary the amount of water

as required. The three types of water

valves used are the electric type, the

pressure type, and the thermostatic

type.
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19-64. A typical multiple installation showing the location of the important parts. I. Water shut off valve; 2.

Strainer; 3. Water valve; 4. Liquid receiver; 5. Condenser; 6. Compressor; 7. Motor control; 8. Two-tem-

perature valve; 9. Magnetic starter; 10. Dryer.

NAME PLATE SPRING MOLDS
COIL IN PLACE

COMPLETELY
SEALED COIL

NON-
magnetic
tube:

VALVE CLOSES
WITH FLOW

SPECIAL VALVE SEAT

19-65. An electrically operated water valve.

(A-P Controls Corp.)

19-48. ELECTRIC WATER VALVE

The original water valves were

of the electric type (1920-24). Present

day electric water valves are great

improvements over those made in the

past.

The valve is operated by a solenoid.

The principle of operation is: A mag-

netic coil is connected in parallel with

TRANSFORMER H
MODEL 71
WATER
VALVE.

LOW VOLTAGE. —dH

LOW
V0LTAGEv m

MOTOR

,NO 200 RELAY

MODEL :

WATER
VALVE

19-66. An electrically controlled water valve wiring

diagram.

(A-P Controls Corp.)

the electric motor; when the electri-

city is turned on, this magnet creates

a magnetic field; a plunger located in

the core of the magnet then moves in

attempting to minimize the magnetic

resistance. Fig. 19-65. The plunger

movement opens the water valve, and

the water flows through the condensing

coils. The valve is located between the

water supply and the condensing unit

and it is usually mounted on the con-
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densing unit. The moment the motor

starts, this valve opens, and when the

motor is turned off the flow of water

is stopped.

These electric water valves, be-

cause of their inherent construction,

consume a small amount of current

while they are in operation. This cur-

rent varies between six and ten watts,

but is compensated for by a saving in

water consumed. Fig. 19-66 illustrates

19-67. A by-pass type of electric water valve used on
large installations. It should be noted that the solenoid
only controls the water by-passed to the large piston

which in turn operates the main water valve.

(A-P Controls Corp.)

two typical electric water valve hook-
ups. Both use a low voltage solenoid
valve. However, most valves use a
110-volt line.

The body of the valve is brass and
is made with both threaded and solder-
ed connections. The plunger is made
of a piece of non-corrosive steel. The
valve stem is loosely connected to the

plunger to permit a shock action to

open the valve. Gravity and water
pressure close the valve when the

power is shut off.

On large units a water valve using
the by-pass principle must be used as
shown in Fig. 19-67. An advantage in

the use of the electrically controlled

19-68. A pressure controlled water valve connected on

the high side at the compressor head. The rate of water

flow is adjustable by adjusting the spring tension (top) on

the valve. The water flows through the valve from right

to left.

(Penn Controls, Inc.)

water valve lies in the fact that these

valves may be removed or replaced

without disturbing the refrigeration

system.

All electrically controlled water
valves are so constructed that the pres-
sure of the water tends to keep the

valves closed. The valve seats are

usually made of brass or bronze and

the valve face is of a special rubber
composition. The water flow is con-

stant in this type of control.

19-69. A self cleaning type of water valve and seat.

(A-P Controls Corp.)

19-49. PRESSURE WATER VALVE

The pressure operated type of water
valve is becoming popular in the com-
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POWER BELLOWS

VALVE BODY

SEDIMENT BOWL

BLOCR'VEE" SEAL
STEM

LVE DISC

PLUG

19-70. A large capacity pressure operated water valve.

The double valve and seal arrangement tends to balance

the force from the water pressure (one valve is opened

by the water pressure and one valve is

water pressure).

(A-P Controls Corp.

closed by the

mercial refrigeration field. It consists

of a bellows attached to the high pres-

sure side of the system, preferably to

the cylinder head; this bellows oper-

ates a water valve.

In operation: As the pressure rises

in the condenser due to the accumula-

tion of the gas, the bellows in the water

valves expands and by various mechan-
isms, depending upon the specific water

valve, the valve is opened permitting

water to flow into the condensertocool

the compressed gas. It opens the water

circuit only when the water is needed,

that is, as the pressure rises, Fig.

19-68. It will keep increasing the water

flow just as long as there is a tendency

for an increase of pressure in the sys-

tem. These valves are adjusted by the

tension of a heavy spring which presses

against the bellows. The valves are set

to open at certain definite head pres-

sures, depending upon the temperature

of the water and the kind of refriger-

ant used. See Chapter 21. It should be

noted that some pressure controlled

water valve designs necessitate a regu-

lar service operation to remove the

valve from the system. Some water

valves are made self cleaning to re-

move dirt particles. The water valve

portion of the control may be removed
without disturbing the refrigeration

system. See Fig. 19-69.

A regulated flow of water is ob-

tained with this valve. As the condens-

ing pressure and temperature increase,

the valve opens farther; when the pres-

sures and temperatures drop, the water

flow is shut down.

The valves proper are made of a

hard rubber composition, Bakelite or

fiber, whereas the seat is usually made
of copper or brass. The valves are

equipped with either a packing gland

or a bellows at the point where the

water valve actuating stem goes into

the water valve body. The packing

construction must be adjusted occa-

sionally to keep it from leaking. The

bellows, being a sealed mechanism,

can only leak if it corrodes through.

These valves usually do not depend on

the pipe for support, but are provided

with a mounting arrangement or flange.

The water-in and the water-out con-

nections are clearly labeled and the

valves are usually threaded for 3/8

in. standard pipe. Most of the valves

are constructed so that the water pres-

sure tends to keep the valve closed.

Fig. 19-70 shows a large capacity

19-71 A water line strainer. The opening in the upper

left hand corner is the water into the strain connection.

(Kerotest Mfg. Co.)
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valve used on 1 in. water lines. This

valve has a gear mechanism for ad-

justing the pressures.

19-72. A thermostatic water valve. The valve will start

to open with a bulb temperatureof 120 F. and will be

wide open at 125 F. The flow rate is adjustable (bottom

screw) from to 50 gallons per hour.

(Detroit Controls Corp.)

Both the electric and pressure type

should be equipped with filters; that is,

they should have screens in the water
supply line to remove any solids from
the water, Fig. 19-71.

19-50. THERMOSTATIC WATER
VALVE

ice man to determine the operating

pressures, to charge or discharge a

system, or to remove any part of the

system without disturbing the other

parts. These valves must be of a

sturdy construction and must be de-

signed to withstand continual opening

and closing without leaking externally

or internally. They should be built of

the best materials to withstand cor-

rosion and deterioration.

19-52. CONDENSING UNIT
MANUAL VALVES

The condensing unit is equipped with

servicing valves similar to those of the

conventional domestic system, with the

exception that these valves are some-

fiiifttflrtflrltljlifflfi! ' f
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19-73. A vibration absorber. Installed in suction and
liquid lines it prevents condenser vibration from traveling

into these lines.

(Flexonics Corp.)

The thermostatic water valve is

controlled by the temperature of the

exhaust water. The valve proper is

identical to the pressure water valve
with an addition of a thermostatic ele-

ment connected to the bellows operat-
ing the valve. The element is charged
with a volatile liquid. The power bulb
is clamped to the compressor discharge

line. The pressure created by the vola-
tile liquid in the bulb opens the valve

when the discharge line becomes warm
and closes the valve as the line cools,

Fig. 19-72.

19-51. MANUAL VALVES

Manual servicing valves used on
refrigerating machines enable a serv-

times larger. That is, the valve stems
may be 3/8-in. across flats, and the

gauge connections may be 1/4-in. pipe

instead of 1/8-in. pipe.

This also pertains to the liquid re-

ceiver servicing valve, except that

some of the units have an extra liquid

receiver servicing valve located be-

tween the condenser and the liquid

receiver.

19-53. MANUAL INSTALLATION
VALVES

In addition to the usual service

valves, multiple installations are equip-

ped with what are termed hand shut-

off valves. These valves are required

by law to be so located that they may
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be manipulated easily and be readily ac- termed a riser valve, is ahandoperat-
cessible. They may be classified as ed valve with three openings to which
griser valves or manifold valves. In refrigerant lines may be connected

WieiNG DlAGEftMMOSI44

OGOOND TO

coLoe |[5ymbol|

White

AC v.mtLi*k«f

19-74. A wiring diagram of a commercial hermetic system without a condenser fan.

(Frigidaire Div., General Motors Corp.)

multiple installations it is very con-

venient to run the suction line from the

compressor to a drop forged or cast-

brass pipe and then to have the indivi-

dual suction lines for each cooling unit

go from this manifold to the coils. Be-
tween each of these suction lines and the

manifold, and mounted into the mani-
fold, is a hand operated shut-off valve.

This permits any one of the suction

lines to be closed without interfering

with the operation of the others. A
similar manifolding device is also pro-

vided for the liquid line. Installation

procedure usually provides for mount-
ing these valve groupings in a steel box

or cabinet or a special valve board.

19-54. RISER VALVE

Another type of valve, which is used

as a shut-off valve and which is also

Two of these openings are in line with

each other on opposite sides of the

valve, while the third one is a little

closer to the valve wheel and is at

right angles to the other two openings.

By screwing the hand valve in, the

opening at right angles to the other two

is closed. This construction permits

mounting the valve in either a liquid

or suction line, enabling one to connect

a second coil to it which may be dis-

connected at any time from the remain-

der of the system by screwing the valve

all the way in.

All service valves are of the drop

forged construction to minimize seep-

age through the valve. The valve stem

may be of either brass or steel, with

steel being quite popular. The packing

around the valve stem may be as-

bestos, lead, and graphite, or the valve

may be of the packless type. At pres-
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of the new valves have self-seating

features. This means the valve is

easily seated again by tapping the valve

stem into the seat. The valve seat is

made of

metal.

a soft lead alloy or Monel

19-55. REFRIGERANT LINES

Hard drawn copper pipe is used to

carry the refrigerants around the cycle.

This pipe is furnished in iron pipe

sizes and the fittings are not inter-

changeable with tubing sizes. See Chap-
ter 2 for copper pipe sizes. Stream-
line soldered connections are used to

connect the fittings to this pipe.

The National Refrigeration Code
and local codes all require the hard
copper pipe. Soft copper tubing is per-
missible at the condensing unit end of

the lines and also in the fixtures but

even these short lengths are eliminat-

ed wherever possible.

To prevent any condensing unit vi-

brations traveling into the lines, vibra-

tion absorbers are installed in the

suction and the liquid lines near the

condensing unit, Figure 19-73.

Because the appearance of an in-

stallation is important, the piping

should be put in as neatly as possible.

19-56. SIGHT GLASSES

It is almost universal practice to
install a sight glass in liquid lines of
commercial installations. Most sight
glasses are installed in a vertical flow
tube. However, the sight glass shown
in Fig. 19-76 can be installed in a hor-
izontal line as it has an internal device
which reads "Full 1

' when there is suf-
ficient refrigerant, and shows no read-
ing when there is no liquid in the line.

This sight glass has long extensions
which permit soldering the joints with-
out injury to the sight glass.

19-76. A sight glass designed for soldered or brazed

connections.

(Imperial Brass Mfg. Co.)

19-57. NATURAL GAS ENGINE
DRIVEN SYSTEMS

Natural gas engines may be used to

drive refrigerating machines. The ad-

9-77. Two natural gas driven refrigerating units. I. Water Chiller, 2. Suction lines, 3. Discharge line, 4. Engine

exhaust line, 5. Natural gas engine, 6. Seven cylinder radial refrigerant compressor.

(Ready-Power Co.)
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vantages are a variable compressor
speed to produce flexible capacity and

a low operating cost. The units are

available in 4 to 75 ton capacities.

Fig. 19-77, shows an installation of two

of these units. Engine-compressor
units of 1 to 5 tons capacity for use on

mobile units, and for air conditioning,

use gasoline or propane as a fuel.

19-58. REVIEW QUESTIONS

1. What are the advantages of the

non-frosting cooling coils?

2. Why must high pressure motor
cut-outs be used with water-
cooled condensing units?

3. Where are the intake valves of

a compressor usually located?

4. Why is it advisable to connect

the high pressure motor cut-out

into the cylinder head of the

compressor?
5. Name the three types of water

valves.

6. Name the various two-tempera-
ture valves.

7. What are the advantages of wa-
ter-cooled condensers? Air-
cooled condensers?
What are the advantages claim-
ed for forced circulation cooling
coils?

Why is the pressure type motor
control usually used in multiple
installations ?

In multiple installations which
use two-temperature valves,

where should the check valves
be placed?

What per cent of a refrigeration
load may be placed on a coil

controlled by a two-temperature
valve?

12. Why does an evaporative con-

8,

10

11

denser save 85% of the water

consumption?
13. Are liquid receivers equipped

with safety devices?

14. What is inside the inner tube of

a tube within a tube condenser?

15. How is cast aluminum used in a

liquid cooling coil?

16. What is the contra-flow prin-

ciple in water cooled condens-

ers?
17. Why are combination air cooled

and water cooled condensers
used?

18. Why must cooling coils be clean-

ed even though they are auto-

matically defrosted?

19. How is water used to defrost a

system?
20. Why must the drain pan and the

drain pipe be heated during de-

frosting cycles?

21. What is the purpose of the check
valve in the reverse cycle de-

frost system?
22. Why is a motor starter neces-

sary?

23. Why is an oil separator insulat-

ed?
24. Why do some hot gas defrost

systems reheat refrigerant be-

fore it returns to compressor?

25. Which type water valve will not

vary the water flow as the re-

frigeration load changes?
26. Why is a float valve used with

an evaporative condenser?
27. Does a flash cooler for a walk-

in meat cabinet need an auto-

matic defrost system? Why?
28. What is the purpose of a surge

tank?

29. What is a sweet water bath?

30. Where are vibration dampers in-

stalled and why are they needed?
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Chapter 20

COMMERCIAL REFRIGERATION

INSTALLATION AND SERVICING

Commercial refrigeration installa-

tions vary considerably. The following

types of installations are used:

1. Self contained units.

a. Hermetic units.

b. Conventional units.

2. Remote condensing unit installa-

tions.

a. Single cabinet.

b. Multiple cabinet.

The size of the installation may
vary from 1/20 H.P. contained units to

15 H.P. units for large cabinets.

The size of the larger units is such
that the assembly work of the complete
system must be performed on the pre-
mises.

The small units of the package type

construction do not necessitate this

complicated arrangement; instructions

for installing and maintaining them will

be found to be very similar to those in

Chapter 9 for domestic machines.
For example, a self-contained water

cooler for an office necessitates only

three connections. Electricity is ob-
tained by means of a plugged in con-
nection, and a plumber will be able to

connect the water and attach the drain
to the system.

Multiple installations must be in-

stalled to handle the refrigeration load

efficiently and must be set up to

minimize the chances of accidents. All

installations should be made with per-
manency and neatness as the two main

objectives. Many cities have laws and
codes designating how and where cer-

tain refrigerating apparatus may be
installed. See Paragraph 29-7 for the

National Refrigeration Code. Also most
refrigerating companies have rules

directing how their equipment should be

installed. Previous to the time cities

and the manufacturers systemized their

procedures, many installations were
made with the workman's own ideas

incorporated in the job.

Many small cities and rural com-
munities are not restricted by code,

and installations are usually put in at a

minimum cost. One must, therefore,

consider two types of installations:

1. The non-code installation.

2. The code installation.

A good practice to follow is to

install all units according to the Nation-

al code.

The servicing of commercial in-

stallations in some respects is similar

to that of the domestic unit. However,

the use of multiple cooling coils on a

single compressor, and the use of the

thermostatic expansion valve, plus the

rather universal application of water-

cooled condensing units, necessitates a

rather detailed study of how these

commercial units may be serviced.

The troubles encountered come un-

der various headings such as, no re-

frigeration, continuous running, a high

electric bill, poor refrigerating tem-
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peratures, frosted suction lines, etc.

Servicing information in this chap-

ter deals mainly with the multiple

systems, what goes wrong in them, and

how to repair them. Much of the ser-

vicing is similar to that followed in

domestic practice and the material in

Chapter 11 may be used to a con-

siderable extent. The tools listed in

Chapters 2 and 12 are usable for

commercial servicing.

20-1. NON-CODE MULTIPLE
INSTALLATIONS

A definite procedure of routing

should be closely adhered to when
assembling a multiple system in order

to safeguard against any faults in

assembly, and to eliminate careless

procedures which refrigeration service

departments claim produce more than

90 per cent of the servicing difficulties.

Assuming that the problem has been

completely solved from the heat load

angle (Chapter 21), and that the units

are well proportioned and of such a

size that they will efficiently handle

the load, the proper installation must

be made in a way to take full advantage

of these factors. In a non-code in-

stallation, the tubing, safety valves,

and protective devices should be in-
j

corporated in the installation with op-

erating efficiency, permanency, safety,

and good will as commanding factors.

20-2. INSTALLING CONDENSING
UNIT

The first problem to be solved is the

location of the condensing unit in re-«

spect to the cabinet or cabinets, Fig.

20-1. It is only natural that this loca-

tion should be as close to the various

cabinets as possible, i.e., a central

location.

The installation should be done in

the following order.

1. Put the cabinets in their proper

place.

2. Locate the place for the con- 1

densing unit and install it.

3. Install the cooling coils.

4. Install the valves and controls.

5. Install the tubing.

6. Check for leaks.

7. Dehydrate the installation.

20-1. A typical non-code installation. A. Condensing
unit; B. Cabinets; C. Floor line.
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8. Start the unit.

9. Check the operation of the unit

and obtain 24 hour temperature
and pressure records of the

units operation. /-

/
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like. The coil can be correctly mounted

by using a plumb line to locate the

holder positions. Also the coil should

not be held awkwardly while the hanger

positions are marked in the ceiling or

wall. A cardboard template is also a

useful means for locating mounting

devices.

Display counter coils are usually

supported from underneath the coil by

stands. These stands or brackets should

be provided with an adjustment, to help

level the coils in all directions. These
hangers are usually made of galvanized

strap iron 1/8-in. x 3/4-in., or of

copper.

The hanger may be attached to the

ceiling of the cabinet in one of three

ways. It may be bolted directly through

the cabinet ceiling with galvanized or

tin plated carriage bolts, or the hanger

may be fastened to a sheet by means of

20-3. A sleeve to protect tubing as it goes through

wall or floors.

cap screws (both of these being plated

to prevent rusting), and the plate in turn

is fastened to the ceiling of the cabinet

by brass wood screws. The third method
is to fasten the bracket directly to the

ceiling by means of wood screws. The
second method is considered the best,

although it is a little difficult in some
cases. If none of these is workable for

the particular installation, horizontal

steel piping fastened to the walls of the

cabinet may be used as supports for

the coils, or the coils may be supported

from underneath by a stand which is

fastened to the baffles in the cabinet.

These later devices make it rather

difficult to mount the coil in a level

position and to keep it in a firm posi-

tion. Regardless of the devices used to

mount the coil, they should be re-

checked after being put in, to insure

that they are level.

20-4. INSTALLING TUBING

The tubing in non-code installations

is usually run along the walls and

ceiling; it is supported only at intervals

frequent enough to keep the tubing

straight and firmly in place. Special

clamps are manufactured as tubing

fasteners, but a galvanized conduit

clamp of the l/2-in. size is sufficient

for most situations, Fig. 20-2. The

tubing should be insulated from these

clamps or protected from them by

means of a short wrapping of friction

tape to prevent chafing.

Where the tubing is run through the'

floor or wall, it should be adequately

protected by means of short runs of

conduit, or flexible metal tubing

(Greenfield), and the ends sealed up with

some sealing compound, otherwise

chafing of the tubing and corresponding

troubles are likely to result, Fig. 20-3.

The tubing in all cases should be ru:.i

horizontally and vertically with neat

looking bends of as perfect radius at

possible.

The liquid line presents no dif-

ficulties as to its slant and position/

but one must always install the suctior

lines so the tubing will drain into the

compressor. Any low spots in the

suction lines will act as accumulators

of return oil, and will eventually form

a liquid slug in the tubing; when this is

carried to the compressor it will cause

some disturbance in the crankcase,

resulting in temporary oil pumping. U

the tubing must slant upward on re-

turning from the cooling coils to the

condensing unit, the construction shoulc

be made to permit a steady downwarc
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slant of the tubing to a certain point at

which a U-bend is located. The U-bend
*will act as an oil trap, functioning as

the low spots mentioned above, insuring

a positive return of oil to the com-
pressor. This is poor practice, how-
ever, and should only be used as a last

resort.

The tubing should never be run near
sources of heat, such as hot water

lines, steam lines, near furnaces, etc.

Such sources of heat will cause poor
refrigeration or at least will reduce

1 the efficiency of operation.

As previously stated in the text,

copper tubing comes in coils usually of

50-foot lengths, and the tubing is de-

hydrated and then sealed at the ends by

the manufacturer. In the average com-
mercial installation 1/4-in. tubing is

used for the liquid line and 1/2-in.

tubing is used for the suction line. It is

only in cases such as large installa-

i tions and sizable air-conditioning sys-

tems that a larger, liquid-line tubing is

required. Only the very largest com-
mercial installations use a larger suc-

I
tion line tubing than 1/2-inch, although

practically all the air-conditioning in-

stallations use larger tubing.

This tubing during the period of in-

stallation should be kept as clean as

possible. The tubing should never be

put aside with the ends open. If possible

all tubing should be put in place before

being unsealed. The tubing should be

sealed if it is not to be used for a

period of five minutes or more. See

Paragraph 2-3 for tube sealing instruc-

tions. The most practical method of

installing this tubing is to uncoil 10

feet of it at a time by unrolling the coil

along the floor and then run it up

through the floor openings from under-

neath, gradually working the tubing into

place.

One will not have any difficulty in

installing the 1/4-in. tubing, but 1/2-

in. tubing must be rather carefully

handled to prevent buckling at the

bends. Tube benders of all sorts are
available for bending the tubing and
should be used.

In a non-code installation where the

individual suction lines and liquid lines

run into the main lines, T- connections

may be used and the valves for shutting

off the individual coils may be located

near the coil itself. Valves, dryers, or

other heavy objects should not be sup-

ported by the tubing. These articles

should be mounted on the wall or some
other support. These connections may
be of the 45 degree S.A.E. flare type, or

of streamline soldered fitting construc-

tion. The most serviceable installation

may be made with the use of streamline

type flange fittings inside the cabinets.

One has the choice of streamline fit-

tings or flared connections outside the

cabinet on the tubing runs between the

cabinet and the condensing unit. Con-

siderable trouble can be avoided if the

flares are made as good as possible

and that the tubing does not have any

"spring away" tendency at the flare.

Soldered conditions are made easily if

proper procedures are followed. See

Chapter 2.

Whenever tubing is installed it

should be immediately sealed after the

flare or streamline connections are

made to keep it as clean as possible

and the tubing should be attached per-

menantly to the supports along which it

runs.

Always run the tubing in such a

manner that the construction of the

support protects the tubing from acci-

dents. That is. do not place it in such a

position that a person carrying

object through a doorway or around

corner is liable to catch the tubing and

strain it excessively, or do not put it in

such a place that it is open to abuse

from the handling of articles in that

room. Do not put any loops or un-

supported bends in the tubing except at

the condensing unit.

an

a
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At the condensing unit, one should

always install a dryer in the liquid

line, a vibration damper or soft tubing

with at least one horizontal loop, and a

sight glass in the liquid line, Figure

20-4.

20-4. A condensing unit with tubing installed. Note
the vibration dampers, etc.

(Johnston Refrigeration Service)

20-5. REMOVING AIR

After the tubing is installed the

following should be done to prepare the
unit for operation.

Air may be removed by forcing it

out of the lines using refrigerant or
some clean non-condensable gas(C02,
N2 or Argon). The air may also be
removed by pumping a vacuum using
either the condensing unit compressor
(not recommended) or a separate vac-
uum pump. The liquid lines must be free

of air before the unit can be operated.

The liquid lines should be cleaned
before they are connected to the ther-
mostatic expansion valve and the cool-

ing coil.

A method used by many installation

men is to connect a by-pass line from

the liquid line to the suction line near
the compressor, Fig. 20-5. This line is

controlled by a one-way hand valve and
may be used to pump a vacuum on the

liquid line. In detail, the compressor
pumps a vacuum on the suction lines

first; then with all the liquid line

valves closed, the by-pass valve is

opened allowing the vacuum to be]

pumped on the liquid lines also. Purging 1

the lines may also be performed when!
one uses this method. The following

paragraphs will explain some further

uses for this by-pass valve. Do not put

a dryer in the system until most of the

air has been removed. Use a short

length of tubing in place of the dryer.

20-6. EVACUATING SUCTION LINE

To remove the air from the suction

lines the usual procedure is to pump
the air out of the lines by using the

compressor, or a vacuum pump.
To use the compressor proceed as

follows: One must put a compound

20-5. A by-pass line for emptying and evacuating liquid

lines. A. Liquid line; B. Suction line; C. By-pass line; D.

Shut-off valve; E. Strainer.

gauge on the compressor suction ser-

vice valve or install a gauge manifolc

and remove the refrigerant from the

crankcase of the compressor by draw-
ing a 20-in. vacuum or more. Be care-

ful of oil pumping. Then, install a purg-

ing line into the gauge opening of the
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discharge service valve. This purging

line must be equipped with a hand shut-

*off valve. Run this line out-of-doors

into a bucket. Turn the discharge ser-
vice valve all the way in, shutting off

the condenser opening. Now turn the

suction service valve almost all the

way out and pump a vacuum on the

suction lines. The air being removed
will be discharged out the purging line.

This line may be run either outdoors

or into a receptacle. Avoid purging it

into the room where the condensing

unit is located as gases of any kind are

harmful to the people in the room.
After creating as high a vacuum as

possible with the compressor, which
means that 70 to 7 5 per cent of the air

in the suction line has been removed,
the extreme refrigerant valve may be

cracked very slightly. This will permit

a very small quantity of the refrigerant

to come down the suction line; when
this has been pumped from the system,

the amount of air left in the suction line

will be negligible.

20-7. TESTING FOR LEAKS

After these two lines have been

cleansed of air, the unit is ready to

operate, but it should be very carefully

checked for leaks first. The best way to

locate leaks in any system is to build

up a pressure in all parts of the system

using a non-condensable dry gas (CC»2,

Nitrogen or Argon). In case a low pres-

sure refrigerant is used, or if the local

code specifies a pressure test above

the refrigerant's vapor pressure some
other gas may be used for testing.

Carbon dioxide or nitrogen are satis-

factory. Caution: Never use oxygen or

any flammable gas for this purpose.

This testing should include the liquid

line, suction line and all other parts

installed by the installation man except

the condensing unit of this particular

installation. After building up a pres-

sure, the various means for testing for

leaks should be used and checked over
very carefully. See Paragraph 11-37. A
small leak is very hard to find, and
unless a very careful leak checking
routine is followed, will eventually re-
sult in considerable trouble. If the

pressure gauges show no drop in pres-
sure after an hour or more, one should
raise the test pressure and test again.

Do not exceed the pressures as pre-
scribed by the National Code. The cost

of the refrigerant to be replaced and

the hazards to food and human comfort
from lack of refrigerant makes check-

ing for leaks a paramount requirement.

Figure 20-6 shows the equipment used

by most service men for checking

Halide refrigerant leaks.

20-6. An acetylene cylinder a pressure regulator, a long

hose, and a halide refrigerant leak detector torch.

Linde Air Products Co.)

20-8. CHECKING UNIT BEFORE
STARTING

If the motor control has not been

already adjusted for the installation,

this should be done before the system

is set in operation. The settings of the

motor controls will vary with the

demands of the cabinets and with the

various kinds of refrigerant used. Be

sure the water is turned on in case

479



MODERN REFRIGERATION, AIR CONDITIONING

it is a water-cooled condensing unit,

and that the fuses in the electric

curcuit are the right size.

20-9. STARTING UNIT (LOW SIDE
FLOAT SYSTEM)

Enough low side float systems are

still in service to warrant an explanat-

ion of how to start them. Open all the

liquid line and liquid receiver valves.

Start the compressor. When starting

a completely warm installation of this

kind if the cooling coil low side pres-

sure is permitted to go into the crank-

case of the compressor unreduced, an

excessive load will be imposed upon

the compressor and motor and serious

harm is likely to result. Since the com-
pressor pulls down the low side pres-

sure very rapidly, the following pro-

cedure is believed to be the best. After

starting the unit, open the suction line

valve on the various cooling coils, one

at a time at 10 minute to 15 minute

intervals and open each valve very
slowly. It should take at least two
minutes to open each of these suction

line valves two turns. This procedure
gives the compressor time to reduce
the high pressure on the low side to

close to the normal level.

After all the cooling coils have
been opened and everything is running

normally, the service man should stay

on the premises for at least an hour
checking the operation. He should re-

turn within 24 hours to determine how
the system is performing. The checking
of the system should include the high

and low side pressures, vibration of the

unit, the amount of water flow in case of

a water-cooled system, and the tem-
peratures of the suction lines at the

cooling coils to find out if they are
flooding back due to out-of-calibration,

or a leaky needle. It is recommended
that an installation of this kind be

checked with a 24-hour thermograph

after the unit has settled down to a

routine cycle.

20-10. REMOVING AIR (DRY
SYSTEM)

After the tubing has been installed

and connected with the thermostatic

expansion valve system, the service

man should evacuate the system and

remove the air from the newly installed

parts in a manner similar to that

described in Paragraphs 20-5 and 20-6.

Most dry coils are fitted with seal-

ing caps over the tubing ends to pre-

vent moisture and dirt from entering

them during shipment and installation,

but these caps are not always air-tight.

This means that the coils should be

evacuated just as thoroughly as the liq-

uid and suction lines. The best pro-

cedure for cleaning this part of the

system is to evacuate it, using a method

very similar to that described for re-

moving air from the low side float coil

installation.

This procedure as stated before is

the method whereby air is pumped out

of the lines and the coils into the open

air, and the liquid receiver service

valve is then cracked. The only valve

to be kept closed during this procedure

is the liquid receiver service valve.

All the others are to be as far open as

possible, permitting the evacuation to

work on all parts of the system. After

all the air has been removed and the unit

purged, the service man should test for

leaks using a pressure throughout the

system and then a high pressure. The

leaks should be carefully looked for

because, as previously explained, this

is one of the most important steps in

an installation of any kind.

20-11. STARTING A DRY SYSTEM

Thermostatic expansion valves

when they are warm are completely

open. To start the system with the full
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load of all the coils on it, the com-
pressor will be overloaded, as in the

low side float installation. Therefore,

all liquid line valves should be closed

and the condensing unit started. The

liquid line manifold valves may then

be opened one at a time, requiring two

minutes to turn the valves two revolu-

tions. It is a very important precaution

in refrigeration never to overload the

compressor even for very short inter-

vals. After one coil has been opened

and after a 15-minute interval of oper-

ation, the coil has a chance to cool down

somewhat, tending to make the expan-

sion valve throttle off the refrigerant.

This gives the compressor a chance to

gradually reduce its load. The remain-

der of the coils may then be brought

into service in the same way.
The service man, after starting the

unit, should check the high and low side

pressures, the amount of waterflow in

case it is a water-cooled system, and

the operation of each individual expan-

sion valve. Also determine if the ad-

justment is correct for each coil; that

is, frost or sweating on the suction

line will indicate whether or not the

expansion valve is opened too far or not

far enough. Another very important

procedure or routine to be followed at

this time is to determine whether or

not the system has enough refrigerant.

This should be done as described in

Paragraph 20-36.

20-12. CODE INSTALLATIONS

Many localities now have very def-

inite rules and regulations pertaining

to the installation of refrigerating

equipment of all kinds. The code covers

the various classes, but pertains mostly

to industrial and commercial refriger-

ation. Domestic units are not usually

included in code regulations because

the manufacturers of these units cover

in detail the necessary requirements.
In commercial installations, where the

units are assembled on the premises,
there are certain requirements that

must be adhered to in order to insure
a uniformity of performance, and to

make the installation as satisfactory

and safe as possible.

Installation codes also protect the

purchaser from careless installations

made by untrained persons or made in

such a way as to be maliciously crim-
inal. Most cities have a code of this

nature and some of the high points of

all codes are the following: Only licen-

sed refrigeration contractors may in-

stall commercial equipment, a permit
must be obtained for each installation,

each installation must be inspected,

the lines must be labeled as to re-

frigerant, certain safety devices must
be installed in the system, the conden-

sing unit must be installed in a safe

place, the electrical and plumbing work
must be done by licensed electricians

and plumbers respectively, the system
must be tested under certain pressures

on both the high and low side, and it

must be free from leaks. See Para-

graph 29-7 for the recommended
National Refrigeration Code.

The National Code and Local Codes

are accumulations of thousands of ex-

periences with installations. These

codes are based on the premise of

safety for the installer, the owner, the

user, and the public. Experience has

shown that code installations give bet-

ter service, are easier to maintain and

in the end result, are more economical.

The code recommendations vary as

to the amount of refrigerant that may

be placed in the system (human safety).

The more refrigerant in a system, the

greater forces that can be created

under high temperatures and the more

air the escaped gas will displace and

therefore the more people it can as-

phixiate (suffocate).

The code recommendations vary as

to the kind of refrigerant. The more
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explosive or flammable a refrigerant,

the more dangerous it is to people and

property. The more toxic (poisonous)

a refrigerant is the more dangerous it

is to people.

The code recommendations also

vary with the type of service in use.

For example, one has to be more care-

ful where invalids, handicapped, and

restricted persons are concerned.

Also, the danger of panic where large

groups of people are gathered (public

assemblies) must be considered.

A good refrigeration craftsman
should be grateful that the time and

trouble has been takento prepare codes

that so throughly protect all concerned
if carefully obeyed.

20-13. INSTALLING CONDENSING
UNIT

In all cases condensing unit must
be firmly mounted to avoid a sudden
shift or movement that would endanger
the refrigerant lines. The precautions

one must take vary with the size'of the

condensing unit, the kind of refrigerant,

and in what situation the unit is to be

placed.

The condensing unit must be placed

where it cannot be harmed. It must
either have a cage around it (small

unit) or it must be in a separate room.
It must have good ventilation, to permit
escape of the refrigerants out of the

room in case the unit develops a leak

(windows for smaller units, forced

exhaust for larger units). Also larger

units must be protected from fire

damage by using fire-proof self closing

doors, etc. The better installations use

a separate machine room for the re-

frigeration condensing units.

The electrical work must be done by

a licensed electrical contractor.

The plumbing work must be done by
a licensed Master Plumber.

To prevent violent rupturing or an
explosion of the condensing unit due to

excessive pressure, the code specifies:

1. High pressure cut-outs to stop

the motor.

2. Pressure relief valves or rup-

ture discs to dissipate the dis-

charge slowly. These safety

openings are piped to the out-

doors by way of copper pipe

connected by silver brazed joints

(high temperature strength), Fig.

20-7. A spring-loaded safety

valve with a synthetic rubber

20-7. A safety head (ruptured disc type) for rreon-12.

The disc is made of silver. The safety head is obtainable

having various rupture pressures from 175 psig to 1000

psig. The safety head is usually designed to rupture

at 50 per cent above the usual operating pressure.

(Black, Sivalls & Bryson, Inc.)

valve. It has interval pipe threads

at both ends, Fig. 20-9. Fuse
plugs are also used for those

rare cases where the unit be-

comes overheated because of

fire, Fig. 20-8.

All refrigerant lines should be per-
manently labeled with signs identifying

the refrigerant.

20-14. INSTALLING COOLING COIL

The Code recommends limits of re-

frigerant for those cooling coils that

would expose people to the refrigerant

in case of leaks. Those coils installed

in ducts should be cooled with a brine

rather than a refrigerant depending
on the total amount of refrigerant in the

system.
The cooling coil should be mounted
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firmly in the cabinet and it should be

protected to avoid injury to the system.
* The refrigerant lines should be of hard

copper pipe (L or K) or they should be

protected with conduit wherever there

is evan a remote possibilities of injury

to the system.

The cooling coil should always be

leveled when installed. A spirit level

is the only reliable means to do this job.

20-15. INSTALLING REFRIGERANT
LINES

The codes attempt to specify re-

frigerant lines that are permanent and

safe. The codes recommend that strong

piping be used (Type K (strongest) or

L) and that the piping be protected by

adequate supports and adequate guards.

Some localities recommend that hard

copper pipe that is exposed have at

least .06 5 in wall thickness. The joints

in the piping must be placed so they can

, be easily inspected. The joints must be

made with strong fittings and the

solders used must be of excellent

quality. Soft solder can be used for

most of the joints but if there is a

possibility that fire may heat the piping,

the joints should be silver brazed.

To avoid pinching or crimping the

piping, the code recommends that the

lines not be run through a floor but

rather through a fire proof duct when
going from one floor level to another.

The code recommends that the

piping always be supported by the

building structure, meaning that the

pipe should not be run across joints or

studs where the unsupported part can be

abused. It is recommended that the

piping be at least 7 1/2 feet above the

floor level when put across a room.

20-16. STREAMLINE FITTINGS

The size of commercial units has

been increased quite steadily in the last

few years and many units now have as

much as 20 tons capacity. This is

especially true with summer cooling or
comfort cooling installations in air-
conditioning plants. The sizes of the
liquid and suction lines in these in-

stallations are frequently 3/8 in. and
2 in. in diameter respectively. It is

20-8. A fusible plug for liquid receivers.

(Mueller Brass Co.)

evident that flaring a 2 in. line is out of

question. For this reason and because of

other natural advantages of the joint,

streamline fittings have become very

popular and are used exclusively on

large units. These fittings as described

in Chapter 2 consist of a drop-forged

or extruded fitting with a machined
recess of sufficient size to receive the

hard copper tubing. The clearance

between the two is a matter of a few

thousandths of an inch.

20-9. A spring loaded pressure relief valve. It uses a

synthetic rubber seat. It is available in a variety of

pressure ranges.

(Henry Valve Co.)
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When this joint is heated and solder

is fed to the surface, capillary action

draws the solder into the space between

the two, forming a very strong joint.

The soldering of hard copper tubing

joints must be expertly done or con-

siderable trouble will result in bad

joints and leaks. One should only at-

tempt this work after considerable

practice. Hard drawn copper tubing

which is seamless has a greater wall

thickness than the annealed copper

tubing. It comes in 10 or 20-foot

lengths rather than in rolls. The ends

are either capped or plugged. The
tubing is brazed or soldered to the

fittings. When making an installation of

this kind, extreme care should betaken

to use fluxes and solders recommended
by the manufacturers, and also to have

the ends of the tubing square to prevent

any solder from running into the tubing.

See Paragraph 2-1.

20-17. SPECIAL TUBING

Copper tubing normally comes with

no special finish provided for the

inside or the exterior surface. This

permits the copper to become corroded

if exposed to certain corrosive ele-

ments, such as running the tubing

through liquid or through air saturated

with acid fumes or corrosive elements

of any kind. In places where sanitation

is of primary importance, tubing with

tinned surface is used. A typical

example of this is the installation

where the copper tubing runs into a

cabinet and is connected to the cooling

coil. That portion of the tubing inside

the cabinet is subject to the moisture

saturated air of the cabinet and could

eventually become corroded. Using tin-

ned tubing prevents this. One company
uses tinned tubing exclusively, because

the company believes the sanitation

aspect is important enough to warrant

the extra expense.

Where the tubing is used to convey

beverages such as beer between the

kegs and dispensers, soft drinks, car-

bonated beverages, etc., many local

codes require the use of special tubing.

One such tubing is block tin tubing. It

is available in rolls and comes in 1/4

ID and 3/8 in. ID sizes.

Stainless steel tubing is considered

the best for carrying beverages. It is

available as follows:

1/4 OD with a. 020 in. wall thickness

5/16 OD with a .020 in. wall thick-

ness

3/8 OD with a .025 in. wall thick-

ness.

These tubes will insure a maximum
of sanitation for the beverage tubing

and a maximum life for the cooling

water tubing. Both of these tubes are

best fastened by solder or sweat con-

nections.

20-18. REFRIGERANT LINE
CONNECTIONS

There are two common methods of

installing a multiple installation as it

concerns the installing of the tubing.

One method is to have a common
liquid line and common suction line

and to tap the various cooling coil

liquid and suction lines to it at the

most convenient points.

The other method is to use a clust-

ering system wherein all the various

lines are brought to a common point

and connected through a hand valve to a

manifold line. From this point to the

compressor a larger suction or liquid

line is run. The latter method predom-
inates at the present time and is the

neater and more convenient installation

to use. This method does not have to be

strictly adhered to in cases where one

coil is at some distance from the box,

necessitating a duplication of long runs.

The manifolding case of a code in-

stallation is usually on the wall near

the condensing unit.

An important item to be kept in
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mind at all times is that every fitting

used, and every bend put into the re-

frigerant and suction lines, decreases

the efficiency of the installation. The
number of these used should be limited

as much as possible.

20-10. An installation valve showing the means for

mounting the valve on a panel.

(Henry Valve Co.)

Remember that one should either

remove the inner parts of the valves

while the tubing is being soldered to

the valve or wrap the valve with a wet

cloth. Take care not to allow moisture

to enter the valve.

20-19. REFRIGERANT LINE VALVES

All valves are to be hand operated.

The codes require that these valves be

of such construction that anyone may
shut them off on short notice without

the need of special tools. The valve

uses a hand wheel mounted permanently
on the valve. These valves are pro-

vided with brackets whereby they may
be attached firmly to a panel. The
valves commonly come in two styles.

In one style the valve shuts off just one

of the three connections made to the

valve, Fig. 20-10. The other two,

remaining uncontrolled, permit the

passage of refrigerant to the remainder
of the system. The other style valve is

a one way valve and stops the flow of

refrigerant when turned in (clockwise).
The older style valves were of the lead
and graphite packing style, but packless
valves are now becoming popular. The
manipulation of the code installed unit,

upon starting, to insure long and effic-

ient refrigeration, is precisely the

same as described in starting the non-
code installations. This does not com-
plete the installation regulations, how-
ever, because in all code installations

an inspector is usually assigned to

check over the installation before the

unit may be operated.

20-20. TESTING CODE
INSTALLATIONS

Code authorities require that per-

mits be taken out before either an

installation can be made or a major
service operation be performed in

commercial units. Specifications of the

proposed job are presented when re-

questing a permit. Permits are not

issued unless the specifications pre-

sented meet the code requirements.

On completion of the work an in-

spector is called, and his sanction

must be given before the unit may be

run. Some localities require that the

refrigeration installation men be

licensed.
The inspector upon reaching the

premises, checks the installation to see

if all the work has been done according

to specifications and code, and then pro-

ceeds to test the system. His testing

primarily consists of checking for leaks

and checking the unit for safety. He

does this by building up the required

pressures in the high and low sides of

the system. These pressures vary with

the kind of refrigerant used in the

system. If no leaks are indicated at the

pressures established, the inspector

sometimes checks the system further by

producing a vacuum on all of the

systems and if this vacuum is main-

tained over a certain period of time the
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installation is approved. These code

regulations have eliminated many
troublesome features in the installation

work. Most of the larger refrigeration

companies followed these methods long

before they were required by law be-

cause code rules are only a statement

of good safe practice which insures

satisfactory operation of the installa-

tion. Experience has shown that code

installations are good business prac-

tice.

After the system has been approved,

the installation man should always

make a record of the running behavior

20-1 I. A recording pressure gauge.
(Electric Auto-lite Co.)

of the unit for at least 24 hours. Figure
20-11 illustrates a pressure recorder,

making a 24 hour record of the low
side pressures of the installation. Any
variations in the cycles will quickly

reveal needed adjustments.

20-21. SERVICING COMMERCIAL
UNITS

Commercial refrigerating units are
available in a great variety of forms.

Chapters 18 and 19 describe in detail

the design, construction and operation

of these units.

The small units such as self con-
tained beverage coolers of hermetic
design are serviced in the same man-
ner as the domestic systems. The
details are given in Chapter 17.

Many of the commercial systems

are self-contained but use the conven-

tional system with motors, belts, and

compressors. The servicing of these

small conventional systems is des-

cribed in Chapter 11.

The service shop procedures ex-

plained in Chapter 12 are useful for

both domestic and commercial refrig-

eration.

The servicing of the larger com-
mercial systems is controlled in most
communities by the Local Refrigera-

tion Code. Any major repairs or

changes to a commercial system can

only be done by licensed contractors

and the service work done must be

checked by the refrigeration inspector.

The plumbing and electrical service

work should be sub-contracted to li-

censed plumbers and electrical con-

tractors.

20-22. SERVICING CONDENSING
UNITS

Condensing units come under sever-
al divisions - water-cooled and air-

cooled - and involve the compressor,
the condenser, liquid receiver, the

various motor controls, and water
valves. The compressor itself may be

tested for efficiency as described in

Chapter 11, but such things as "lack of

refrigerant" present new problems.
An air-cooled condenser gives the

same symptoms when there is a lack

of refrigerant as those explained in

Chapter 11, but the water-cooled type

presents a different problem. Because
of similar variations throughout the

mechanism, the study is divided into

individual parts of the condensing unit.

The condensing unit should be clean-

ed externally as thoroughly as possible,

using rags and a non-flammable clean-

ing fluid. The belts should be checked
for alignment and tautness.

If there is any decided pounding
sound occurring regularly in the com-
pressor, the customer should be in-
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formed of this, and a recommendation
made that the compressor be over-

hauled as soon as possible.

The amount of refrigerant in the

system should be very.carefully check-

ed according to methods explained in

Chapter 19. The water flow should be

so adjusted that the temperature rise

is no more than 15 degrees as the

water goes through the condenser. The
motor control should be inspected to

determine whether it trips freely and

whether the points, if any, are clean.

A fine small file is the only cleaning

device recommended for these points.

20-23. SERVICING COMPRESSOR

To test the compressor for effic-

iency, the service man may use the

following methods:

1. Determine the vacuum that the

compressor will develop by turning the

suction service valve all the way in

after installing a compound gauge in the

gauge opening. Record the highest vac-

uum obtainable against the normal
head pressure for the refrigerant being

used. Also, record the time. If the com-
pressor cannot produce a vacuum of

greater than 20 inches of mercury
against its normal head pressure, it

should be overhauled. After a vacuum
has been drawn, the compressor should

be stopped; if the vacuum drops rapidly,

it means that either the exhaust valves

in the compressor are allowing the

refrigerant to leak back into the crank-

case, or that the crankshaft seal is

leaking.

2. To determine if the exhaust valve

is leaking, turn the discharge service

valve all the way in after installing the

high pressure gauge in the gauge open-

ing; then turn the compressor over

very slowly by hand. If the exhaust

valve is leaking, the head pressure as

indicated by the high pressure gauge

will go up and down as the compressor

turns over, but if it is holding, the

head pressure will increase to a cer-
tain point where it will remain constant.

3. To determine whether or not the

crankshaft seal is leaking, close the

suction service valve, pump as high

vacuum as possible on the crankcase
of the compressor, and with the dis-

charge service valve and suction serv-

ice valve turned all the way in, keep
the compressor running. If there is a

low side leak, the head pressure will

gradually increase with the running of

the compressor, indicating that gas or

air is being drawn in on the low side of

the compressor.

4. An intake valve leak is indicated

by the inability of the compressor to

20-12. A universal type flywheel puller.

(Duro Metal Products Co.)

produce a high vacuum, but whatever

vacuum is produced is maintained after

the compressor is shut off provided the

exhaust valve is holding.

If the compressor must be removed

for overhaul, the handling of the com-
pressor because of its weight presents

a difficult problem. The serviceman

should avoid straining himself by as-

suming any awkward position when lift-

ing the compressor. He should be

careful not to slip on oil or loose

tools. Carts, small hydraulic hoists,
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etc., are available that should be used

to move heavy compressors.
If possible remove the flywheel,

before moving the compressor as any

undue strain on the flywheel may injure

the crankshaft, and/ or the crankshaft

seal. The flywheel can be easily re-

moved by using a universal flywheel

puller and by supplying heat to the

flywheel hub as the wheel puller is

drawn up snugly. Fig. 20-12.

When installing the compressor,
the condensing unit base should be

cleaned. All the hold down bolts should

be used, and the bolts should be tighten-

ed evenly. The compressor and motor
must be carefully aligned. The shaft

must be parallel and the flywheel and

the pulley must be in line. If one has
difficulty installing the hold down bolts,

masking tape may be used to hold them
temporarily, or string may be used to

pull the bolts into position. A universal

socket is handy for holding bolts that

seem inaccessible. New gaskets should

always be used when mounting service
valves.

20-24. SERVICING CONDENSER

The troubles encountered in com-
mercial condensers vary with the type

of condenser used. However, air in the

system, too much refrigerant, not

enough refrigerant, too much oil or a

corroded interior are common to all

types.

Whether the condenser is air or
water-cooled, too much refrigerant,

too much oil, or a corroded interior of

the condenser will produce an excessive
head pressure. Air in the system will

also produce this condition. Remember
that the purpose of the condenser is to

remove heat. The condenser will fail to

do its job if the heat transfer surfaces

are inefficient, or if the heat removing
medium (air or water) is not in the

correct volume or temperature.

To determine what is responsible

for a poor condensing condition, one

should proceed as follows: Install the

gauge manifold, see Paragraph 11-5,

and determine the head pressure. Com-
pare this pressure with what the pres-

sure should be.

20-25. SERVICING AIR-COOLED
CONDENSERS

The correct pressure may be deter-

mined by adding 30 F. to 35 F. to the

room temperature, if it is an air-cooled

condenser, to obtain the refrigerant

temperature on the interior of the con-

denser. Using this corrected tem-
perature, refer to the refrigerant

charts, Chapter 8, for the correct head

pressure.

20-26. SERVICING WATER COOLED
CONDENSERS

If the unit is water-cooled, add 20 F.

to 2 5 F. to the temperature of the water
just as it is leaving the condenser to

obtain the refrigerant temperature. The
correct head pressure is then obtained

from the refrigerant chart. The unit

must be running for these conditions to

hold true.

If the head pressure exceeds this

value by more than 5 pounds, purge the

system through the discharge service

valve gauge opening for 10 to 15

seconds; then run the condensing unit

again. To determine whether or not the

trouble is excess refrigerant, or air in

the system, stop the unit and purge as

before for 15 to 20 seconds. If the

pressure drops somewhat, it is air in

the system.

If the pressure does not drop,

continue to purge the unit until that part

of the condenser and liquid receiver

which is full of liquid refrigerant,

becomes cold. Some condensing units

have small valves, that can be used to
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check liquid levels. A liquid level

sight glass is also available. It can be

connected to the top and bottom of the

receiver. When the pressures are

equalized the liquid level in the sight

glass will be the same as that in the

receiver. This will quickly reveal the

level of the refrigerant in the condenser

and liquid receiver, and one may easily

judge whether or not this is the correct

amount. An excess amount of oil in a

system is indicated by the erratic

refrigeration obtained, and a continuous

slugging or pumping of oil in the com-
pressor, especially just as it starts

after an off-part of the cycle.

A corroded condenser is determined

by noting the liquid line temperatures

of the refrigerant. In case the amount of

refrigerant is correct, and if the other

troubles just mentioned are not pre-

valent in the system, a corroded con-

denser will produce a hot liquid line

in an air-cooled system; also in a

water-cooled condenser, it will produce

a temperature in the condenser con-

siderably above that to be expected. If

all other possible causes of excessive

head pressure are eliminated according

to the above methods, a badly corroded

condenser is probably the cause. Scale

may be removed from some water-

cooled condensers by using a power

driven wire brush, Fig. 20-13.

20-27. SERVICING EVAPORATIVE
CONDENSERS

Evaporative condensers and cooling

towers are subject to deposits from the

cooling water. These deposits must be

removed periodically or they will act

as coil insulation. The deposits can be

reduced materially by using water

softener chemicals in the water. Such

chemicals can be obtained from any

wholesale supply company. If deposits

have formed, they can be removed by

scraping or by using a weak acid

solution, followed by a soda solution

rinse and wash. Water-cooled con-
densers should not be placed in a
location which may be subjected to

freezing temperatures.

In the event a water-cooled con-
densing unit is to be shut down and
perhaps subjected to below freezing

temperatures, the condenser coils

must be completely emptied of water.

This may be done by blowing out the

coils with air.

20-28. SERVICING WATER VALVES

Water-cooled condensers require

attention frequently because of incor-

rect water flow. This trouble is some-
times due to the water valve or the

screen. See Chapter 19 for details of

construction of these valves.

20-13. A tube within a tube condenser being cleaned

by using a power driven wire brush.

(Halstead & Mitchell)

The main purpose of the water valve

is to provide water when the unit is

running and to stop the water flow when

the unit is idle. Some of the troubles

caused by the water valves are:

1. Too little water flow.

2. Too much water flow.

3. Water flow does not stop when

the unit is idle.

A water control valve will only

operate correctly if the installation is

correctly made and if the wateris clean.

20-29. RESTRICTED WATER FLOW

Common troubles encountered with
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water valves if the water flow is too

little are as follows:

1. A leaky valve

2. A clogged screen

3. A chattering valve

4. The adjustment of the valve turn-

ed out too far

5. A sediment-bound valve

6. A leaky bellows

In addition to these troubles, the

water-cooling system may present the

following difficulties: Many of the

water-cooled systems use a 2-foot

length of rubber hose connected be-
tween the water pipe running along the

wall and the condensing unit water lines

in order to eliminate transmitting the

condenser vibration into the plumbing
system of the building, and also to

eliminate breakage of tubes from this

vibration. The cold water inlet hose
connection presents no difficulties and
this hose will ordinarily give many
years of service. However, as the water
circulates through the condenser and
cylinder head of the compressor, it

sometimes becomes quite warm. This
warm water, as it passes through the

outlet hose connection, tends to deter-

iorate the inner rubber of the hose,

resulting in a blistering of its inner

wall. This will eventually clog the

hose and restrict or stop the flow of

water through the condenser.

Occasionally, someone may partial-

ly or completely shut off the water
supply by closing the hand-operated
valve installed in the system. The two
most common complaints which in-

dicate troubles with the water circula-

tion are a lack of cooling in the con-
densing unit and too great a consump-
tion of water. If the water circulation

is stopped, the refrigerating system
will start to short cycle, due to the

functioning of the high pressure switch

since these systems are always pro-
vided with a high pressure safety

motor control for this purpose. As the

head pressure of the machine builds up

due to a lack of cooling, pressure is

soon reached at which this control will

open a switch stopping the motor. As
soon as the motor is stopped, the head
pressure drops rapidly, permitting the

high pressure control to turn the motor
on again. This short cycling will con-

tinue indefinitely unless the trouble is

remedied. Such a condition is a severe
strain on the motor and will not give

satisfactory refrigeration.

20-30. TOO GREAT A WATER FLOW

Too much water flow will give very
satisfactory refrigeration, but the

amount of water consumed will be in

excess of that needed and greatly in-

crease the cost of operation. Three
things which may cause too great a

water flow are:

1. Too high a water pressure
2. A leaky water valve

3. A water valve out of adjustment

in such a way as to hold a valve

too far open
The condition of too high water

pressure is seldom encountered unless

the water supply pressure is uncontrol-

led. If encountered in one machine, it

will perhaps be true for all the mach-
ines in that locality.

To determine whether the condition

is due to a leaky valve or to a valve

open too far, ask questions of the

proprietor as to whether anyone has

been working on the machine. If the

machine has not been tampered with,

and the trouble has just started to make
itself evident, the trouble is usually a

leaky water valve. This will be indicat-

ed by a continuous flow of water on the

off cycle. Quite often a leaky water
valve may be due to foreign matter

lodging between the valve and valve

seat. One can usually dislodge this

material by flushing the valve. This

flushing may be done by using a screw
driver to pry the valve open several

times.
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20-31. TRACING WATER CIRCUIT
TROUBLES

The principal problem is to deter-

mine whether the water valve i-s causing

trouble, or if it is caused by some other

part of the water circulating system. To
locate the exact source of the trouble,

one may disconnect the joints where
the hose is fastened to the rest of the

system. By disconnecting the exhaust

water hose from the machine unit, one

can readily determine whether the

water is flowing as far as this point. If

the water is coming as far as this

point, the connection should be resealed

and the other end of the hose dis-

connected from the wall pipe. If the

water does not flow up to this point, the

trouble is probably in the exhaust

rubber hose of the system. If the water

does not flow up to this hose, one

should determine whether the water is

coming as far as the water valve by

disconnecting the rubber hose used as

the inlet connection. If the water flows

through the hose, the sources of trouble

are the water valve and the condenser

proper. To check these sources, reseal

the inlet rubber hose from the system
and disconnect the water valve from the

condenser. If the water flows through

the water valve, but does not go through

the condenser, the trouble is a major
one necessitating a replacement or

cleaning of the condenser water tubes,

however, if the water does not flow

through the water valve, it must be

disconnected from the system and re-

paired or replaced.

Water hammer (a very noisy con-

dition) can usually be eliminated by

putting a short vertical pipe into the

water line just ahead of the water

/alve.

20-32. REMOVING WATER VALVE

To remove anelectrical water valve

from the system, one must open the
hand switch that controls the circuit to

the motor and remove the water valve
wires from the motor circuit. Since
these wires are usually soldered and
taped, it will be necessary to cut them.
Before disconnecting the water valve
from the water system, the water supply

must be shut off at the hand valve. If the

serviceman does not have a replace-

ment valve on hand, the water system
may be temporarily connected without

a water valve and the water flow

regulated with the hand shut-off valve.

Some pressure operated water
valves are difficult to remove from the

system because the valve is connected

to the high pressure side of the con-

densing unit. The pressure tube for

these valves is usually connected into

the cylinder head of the compressor,

although some manufacturers connect

this tube into the liquid line of the unit.

A hand shut-off valve for this tube is

sometimes provided, and if so, the

removing of the valve is very simple.

In case the tube is connected to the

cylinder head of the compressor, the

following is the procedure to remove it:

1. Install the gauge manifold.

2. Turn the suction service valve

all the way in.

3. In case the refrigerant is methyl

chloride, Freon -12, or Freon

-22, run the compressor until the

pressure in the crankcase re-

gisters psi. If the system uses

sulphur dioxide, one must evac-

uate the crankcase and then bal-

ance the pressure by cracking

the suction service valve.

Note: Be very careful of oil pump-

ing which sometimes will occur before

the pressure of psi can be reached

with Freon -12, Freon -22 or methyl

chloride. This oil pumping usually

occurs when a sulphur dioxide unit is

evacuated to a 10-inch or 12-inch

vacuum.
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9.

10.

11.

Heat the water valve line and the

water valve bellows very care-

fully with a torch for three or

four minutes until both of these

become quite warm to the hand.

This operation will drive the

liquid refrigerant, which has

condensed in this tube and valve,

back into the condensing unit,

leaving only a small quantity of

high pressure gas in this tube.

Turn the discharge service valve

all the way in.

Clean the joints to be opened.

Disconnect the pressure tube

from the water valve.

Plug the refrigerant pressure

tubing openings immediately.

Heat the water valve again very

gently, especially if it is a sul-

phur dioxide system, for often a

quantity of liquid refrigerant be-

comes oil bound within this bel-

lows chamber, and releases with

explosive force a few minutes

after the valve is opened to the

atmosphere. Note: Be very

careful not to point these re-

frigerant openings toward anyone

because of the danger of being hit

by the refrigerant.

Shut off the water supply.

Disconnect the water valve from

the water line and replace it

with a good one or connect the

water lines directly. The water

valve is now ready to be dis-

mantled and repaired.

Some water valves are designed to

permit the removal of the valve body

without disturbing the refrigerant con-

nections (bellows, etc.). To disconnect

one of these valves, simply shut off the

water, disconnect the valve body from
the water lines and bellows body.

20-33. REPAIRING WATER VALVE

To completely overhaul a water

valve, in addition to cleaning it, which

may best be done with wire brushes,

the valve and valve seat must be re-

paired. The valve seat, which is made
of brass in most cases, may be lapped

in a manner similar to lapping a com-
pressor valve seat.

The valve proper usually consists

of fiber, rubber, or Bakelite material

and it should be replaced with a new
part. In cases of emergency, however,

this valve may be trued up by using a

fine grade of sandpaper backed up by a

level surface.

Occasionally, where the valve ac-

tuating stem passes into the valve body

proper, a packing gland is used to seal

the joint. This packing is the typical

asbestos, graphite, and lead packing.

If the packing nut has been turned all

the way down, the packing should be

replaced.

20-34. ADJUSTING WATER VALVE

After cleaning and repairing a water

valve, it should be tested and adjusted

before being replaced in service. If the

Water In Temperature F

Refrigerant
50 55 60 65 70

Sulphur dioxide. 26.5 30 34-5 38 43
Methyl chloride. 47 52 57 63 70
Freon-12 56 62 68 74 80

Ammonia 98 108 119 130 140.

Freon-22 95 104 113 123 133

75 80 85 90 95 100

47.5 53 68 65 70 77

76 82.5 89 96 103 111

87 93 101 108 117 125

152 164 177 191 205 220

144 155 158 180 194 208

20-14. A table of water valve pressure settings.
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maximum temperature of the water

supply is 7 5 F. the valve should be

adjusted to open at the following pres-

sures: 48 pounds per square inch for

sulphur dioxide; 76 '"psi for methyl

chloride; 87 psi for Freon -12; 144 psi

for Freon -22; 152 psi for ammonia.
If the water-in temperature is dif-

ferent from this, one may adjust the

valve to its correct opening pressure

using the following rules: for every 54

degrees change in water temperature,

change the opening pressure of the

valve 6 psi for sulphur dioxide, 5 psi

for methyl chloride, 7 psi for Freon
-12, 11 psi for Freon -22 and 12 psi

for ammonia. For example, if the

water temperature in the methyl chlor-

ide system is 65 F. instead of 75, the

opening pressure of the water valve

should be lowered to 64 psi, Fig.

20-14.

A valve should also be tested for

leaks at the same time that it is being

adjusted. This may be done by con-

necting an airpressurelinetoone of the

water openings of the valve. In order to

adjust and test the pressure operating

bellows, which controls the waterflow,

connect another air line and a pressure
gauge to this fitting. No air should flow

through the water valve until the cor-

rect control bellows pressure has been
reached. Necessary adjustments may
be made to obtain this condition.

20-35. SERVICING LIQUID
RECEIVER

The liquid receivers used in most
commercial systems serve as refrig-

erant storage tanks and are usually

constructed of a steel shell welded or

brazed at the joints.

The shell and tube liquid receiver,

which has a water coil built into it,

sometimes develops leaks. Because of

corrosive action of the water and re-

frigerant under certain conditions, the

copper tubing which is used to carry the

water eventually corrodes through; the
resultant leak forces the refrigerant
from the system into the cooling water.
A leak of this kind is detected by the
release of refrigerant at the water
drain. Also, leaks occasionally occur at
the joints where the water-cooling
coil is attached to the liquid receiver
and may be due to abuse or to corrosive
action. In such a case, the condenser
should be replaced with a new one.

If new parts are not obtainable for
the machine, a fairly satisfactory re-
pair may be made as follows : The water
tubing, if eaten through within the

liquid receiver, must be removed. The
liquid receiver should be mounted on a

lathe and the end of the receiver cut

open. This permits removing the old

water coil and putting in a new one. The
new one must have the same length of

tubing as the one removed, or the

capacity of the condenser will be
changed materially. The new coil is

usually made up by winding it on a drum
mounted on a lathe. The tubing is then

put in the liquid receiver and the

joints are silver brazed. The end of the

liquid receiver that was removed may
now be replaced after the interior has

been cleaned thoroughly. The joint may
be either silver brazed or welded.

All liquid receivers above a certain

size must be equipped with safety

release valves. The National Refrig-

eration Code, Chapter 29, specifies

the type, location, size, and piping for

such relief valves. A receiver repair

must be done under the sanction of

Local inspectors.

20-36. CHECKING REFRIGERANT
CHARGE

One of the most detrimental con-

ditions which may occur in a refrigera-

ting system is to operate the refrigera-

ting unit without sufficient refrigerant.

It results in abuse to all of the valves

in the unit and usually results in con-
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tinuous motor operation. Several

methods may be used to indicate

whether or not a refrigerator has an

adequate supply of refrigerant.

In a low side float system the lack

of refrigerant usually shows up at the

most remote coil, or the coil which is

the greatest vertical distance from the

liquid receiver. If the refrigerant is

low, this coil will not have enough

liquid refrigerant in it to close the

float valve. As a result the coil will

make a continuous hissing sound while

the refrigerant gas flows through it.

This condition will be accompanied by

a warm liquid line which will be several

degrees warmer than the suction line.

This may be easily checked by feeling

the two lines where they are attached

to the coil.

A dry or expansion valve system
is much more difficult to check for

quantity of refrigerant. The first in-

dication of insufficient refrigerant may
be obtained from the appearance of the

expansion valve body. Under normal
conditions the body of the valve frosts

over evenly as far back as the liquid

line nut. In case the system has in-

sufficient refrigerant, the expansion
valve body adjacent to the liquid line

will not frost. This frost method cannot

be used for above freezing coil opera-
ting conditions.

A common method of checking for

quantity of refrigerant is to check the

quantity actually in the liquid receiver
and condenser. One way to do this is to

determine the high side head pressure.
If the unit is air-cooled, the head

pressure for the system should corres-
pond to refrigerant temperatures 30 F.

to 35 F. higher than the room tem-
perature while the unit is running.

If the unit is water-cooled, the head
pressure should correspond to refrig-

erant temperatures approximately 10

F. higher than the temperature of the

water leaving the condenser. The tem-
perature of the water in this case

should be checked at the point where it

leaves the condenser and not at the end

of a long drain pipe. If the head pres-
sure, as indicated on the gauge, is

below normal as much as 10 psi it

indicates a lack of refrigerant.

A popular method to check for re-

frigerant quantity is to mount a glass

sight gauge in the liquid line and note

if there are any gas bubbles going up
the liquid line. Bubbles indicate in-

sufficient refrigerant, Fig. 20-15. A
head pressure of 65 psi or more must
be used because at low head pressure
bubbles may appear regardless of the

amount of refrigerant in the system. If

no bubbles appear in the sight gauge at

the above pressures, the machine has
sufficient refrigerant. If there is a

restriction in the line ahead of the

sight gauge bubbles may appear even
though there is sufficient refrigerant

in the system. If possible, the sight

glass should be mounted between the

receiver and the dehydrator.

Some machines are equipped with

refrigerant liquid level indicators such
as pet cocks mounted in the side of the

liquid receiver at definite heights. If

the pet cock is opened and liquid re-

frigerant comes out, the level of the

refrigerant is at least up to this height.

Two pet cocks are usually provided.

Gas should come from the top one,

while liquid refrigerant should come
from the lower one, when opened.

The Frigidaire Corp. has designed

a liquid level detector which is in use

in this company's commercial high

pressure sides of 1/3 H.P. and over.

A float to which is attached a per-

manent magnet is placed in the liquid

receiver. A well is built into the wall

of the liquid receiver in which a gauge
may be inserted by the service man.
The permanent magnet, attached to the

float on the inside of the receiver,

operates the gauge needle to indicate

the corresponding level of the refrig-

erant. The gauge is usually calibrated
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by gauge readings of 1/4, 1/2, and 3/4

'full, etc.

Some companies use a glass sight

gauge attached to the Uquid receiver to

indicate the liquid refrigerant level.

In the liquid receiver type of water-

cooled unit in which the water coils are

located within the receiver, the amount
of refrigerant within the system may
be checked by determining the tem-
perature differences of the receiver.

The division point between the part of

the tank filled with hot gas and the part

filled with cold refrigerant will be

indicated by a temperature difference

which may be easily found by feeling of

the tank with the hand.

20-15. A sight glass for mounting in a liquid line.

(Mueller Brass Co.)

Another method of determining the

quantity of liquid refrigerant in the

liquid receiver consists of turning off

the cooling water to the condenser,

allowing the compressor to operate. If

the liquid line warms up quickly it is

an indication of insufficient refrigerant.

Also it may be noted in this connection

that the head pressure rises after the

water is shut off. If the compressor is

now stopped and the head pressure
drops rapidly, it is another indication

of a small amount of liquid refrigerant

in the liquid receiver.

Still another method of checking for

the quantity of liquid refrigerant con-

sists of shutting the machine down and

purging the liquid receiver. The boiling

of the refrigerant in the liquid receiver,

when the pressure is reduced, will
cause the part of the receiver that is
filled with liquid to get very cold and
frost over. This method is rather
expensive and should only be used as a
last resort for it wastes considerable
refrigerant.

Lack of refrigerant must be due to
a leak of some kind in the equipment.
A very careful check should be made of

20-16. An electronic leak detector being used to check

a self-contained water cooler.

(General Electric Co.)

all joints and parts that could possibly

leak before the unit is recharged and

put into service. The most sensitive

leak detector is the electronic type

shown in Fig. 20-16.

20-37. CHARGING A COMMERCIAL
SYSTEM

Charging commercial systems is

very similar to charging domestic

machines by charging into the low side.

To charge a commercial system the

storage cylinder should be attached to

the gauge manifold.

The charging lines must be clean,

the lines must be purged to rid them of

air and the connections tested for leaks

prior to the actual charging operation.

Remember to always wear goggles when
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transferring refrigerants.

The principle of operation is to

allow the service cylinder to become a

temporary cooling coil in the system.

As the compressor runs, it will remove
gas refrigerant from the cylinder as

well as continuing to remove gas from
the cooling coils.

The charging can be speeded by

using the suction service valve to

reduce the flow from the regular cool-

ing coils and speed the evaporation in

the service cylinder. Hot water maybe
applied to the service cylinder to help

speed the evaporation. The low side

pressure should be kept at normal
levels as too high pressure will over-

work the compressor and too low pres-

sures may cause oil pumping.

siderable damage. However, this sys-
tem can be used to put the initial

charge into a system if done very care-
fully. If one inverts a cylinder and it has

a higher pressure than in the system,
liquid refrigerant will be forced into

the system.

If the unit is water-cooled, the

pressure in the liquid receiver with the

water flowing will be sufficiently below
that of the pressure in the cylinder to

permit opening of the two valves after

the charging line has been purged. The
pressure difference will force refrig-

erant from the cylinder into the system.
If the unit is air-cooled, the pressure
in the refrigerant drum will have to

be increased. This maybe done by using
the compressor to pump gaseous re-

Sulphur Dioxide Methyl Chloride Freon-12 Freon-22

Flooded Dry Flooded Dry Flooded Dry Flooded Dry

1/2 H. P. unit 5 2 1/2 3 1 1/2 3 1 1/2 3 1 1/2
1 H. P.unit 10 5 63 63 63
1 1/2 H. P. unit 15 7 1/2 9 4 1/2 9 4 1/2 9 4 1/2
2 H. P. unit 20 10 12 6 12 6 12 6

20-17. A table of approximate amounts of refriqerant which may be safely added to a system which is low on

refrigerant.

This system insures clean refrig-

erant due to the distilling action during

evaporation of the refrigerant. A serv-
ice man must be present during the

charging. A service cylinder must not

be left connected into a system.

It is very important that liquid

refrigerant not be allowed to reach the

compressor. The liquid is not com-
pressible and the compressor valves,

and even the bearings and rods may be
ruined if the compressor should pump
liquid.

Although it is not recommended,
some service men do put liquid re-

frigerant into the high pressure side

of the system. This is a dangerous
practice because dynamic hydraulic

pressures are possible that may rup-
ture the lines, etc., and cause con-

frige rant into the drum and increase

its pressure. In detail this method is

as follows:

1. Connect the refrigerant cylinder

to the gauge manifold.

2. Run the compressor with the

discharge service valve turned

all the way in until a pressure of

125 to 135 pounds is built up in

the cylinder.

3. Stop the compressor.
4. Invert the refrigerant drum (be

careful not to injure the line).

5. Turn the discharge service valve

part way out.

The high pressure on the surface of

the refrigerant in the drum will force

the liquid into the system. While the

liquid is flowing into the high side, a

gurgling sound may be heard. If this
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sound ceases abruptly, it means that
* the cylinder has been emptied. Use this

method only if all the refrigerant has

been removed from^he system. The
amount of refrigerant to be put into a

system that is being serviced for lack

of sufficient refrigerant must be

governed by the service man's know-
ledge concerning the size of the system,

the apparent amount of refrigerant in

the system, and the kind of refrigerant

used. See Figure 20-17.
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When admitting liquid refrigerant
into a liquid line by opening the liquid

receiver service valve, always open
the valve very slowly or the sudden
rush of liquid may injure the screen
and may pack the desiccant in the
dryer so firmly that it will soon clog.

20-40. SERVICING CLOGGED
SCREENS

One trouble some times found in

multiple systems is the clogging of the

screens located at each individual coil.

These screens are located in the inlet

to the refrigerant control. One low side
float construction has the liquid line

valve bolted on the header, and the
screen is inserted in a little pocket
between the liquid line service valve
and the header. If a service call is

made and it is found that all cooling

£ 6 7 8 9 W 11 H 1

20-19. A low side float mechanism showing the location

of the screen.

(Kelvinator Div., American Motor Corp.)

coils except one connected to a multiple

system are operating satisfactorily,

and this one coil is not giving any re-

frigeration whatsoever, the trouble

may be due to one of three things,

either the needle is stuck closed, the

screen is clogged, or the float is com-
pletely oil bound. The following service

procedure is recommended:
A completely oil bound float maybe

detected by rocking the cooling coil;

the needle will open momentarily during

this procedure. If it is a stuck shut

needle, the orifice may be broken open
by tapping the header lightly. If neither

of these methods determine the trouble,

it is probable that a clogged screen is

the cause of the trouble, Figure 20-19.

In some multiple low side float sys-
tems, one must turn the liquid line

service valve all the way in after
loosening the packing nut. Then deter-
mine if the low side pressure is near
atmospheric by putting a compound
gauge on the condensing unit. If the
pressure is near atmospheric the cool-
ing coil is usually evacuated before the
service man arrives on the premises.

This will be indicated by a warm
cooling coil. Close the suction line

valve and, after cleaning and drying the

joint between the liquid line service

valve and the header, this valve may be

unbolted. When the connection (a gas-

keted one ) is opened, a little liquid

refrigerant may escape, but if sulphur
dioxide refrigerant is used it may be

readily neutralized with ammonia
fumes. The screen is located at this

point and is easily accessible to be

replaced or to be cleaned. The re-

commended service practice is to carry
several replacement screens and re-

place the clogged screen with a new
one.

The screen in some low side floats

is soldered into a fitting which in turn

is mounted between the liquid line and
the liquid line service valve. To re-
move this screen, the following pro-
cedure may be used. Since the screen
is clogged, the refrigerant in the liquid

line cannot be removed by evacuating
it; but it may be removed by heating

the liquid line. It is dangerous to

overheat the line as it may decompose
the oil and refrigerant in the line.

Always heat only hot enough for the

line to be slightly uncomfortable to the

hand. This heating should continue from
the coil to the nearest shut-off valve

back along the liquid line. The valve on

the cooling coil header should be closed
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during this heating. This heating will

drive the high pressure liquid refrig-

erant back into the main liquid line,

leaving only gas. Shot off the valve

located at the junction of these two
lines. Now disconnect the liquid line

nut from the liquid line valve on the

coil header, after cleaning and drying it.

As the liquid line is disconnected

from this fitting there will be a surge
of high pressure gas out of this line;

but this cannot be helped unless a very
tedious program of removing all the

refrigerant from the complete liquid

line system is followed. The screen
fitting may now be removed from the

valve and cleaned or replaced.

Upon assembling the coil after re-

pairing the trouble, proceed as follows:

Open the two liquid line valves after

the unit has been assembled and then

carefully test for leaks. When starting

a coil in this case, the service man
should always wait until he hears the

float valve stop the flow of refrigerant.

This policy will save many call-backs

in case the needle is leaky.

Some low side floats, when opened

to remove a screen, permit a slow

seepage of air into the cooling coil

through the needle orifice opening. This

amount is negligible if the unit is

assembled immediately. However, if

the coil has been left open for a number
of hours, the coil should be purged of

air by loosening the suction service

valve from the coil header and then

cracking the liquid line valve. The

resultant surge of gas will remove
most of the air from the coil.

Needless to say when reassembling

the unit, a new gasket should be used

and the two gasket surfaces should be

perfectly clean and smooth. A scraper

made from an old flat file is a good

tool for removing the old gasket. If

possible, the service man should put a

little refrigerant oil on the new gasket

before installing it. Never use other

than Monel or extra heavy cadmium

plated bolts and cap screws on cooling
coils. Always test for leaks.

The screens proper are best clean-
ed in the repair shop. One excellent
method to clean a screen is to heat it

very carefully - electric plate - and
then quench it in water. This treatment
quickly loosens most of the dirt. A weak
solution of hydrochloric acid and water
also does a good job. Pour acid into

the water, never water into acid. Be
sure to rinse the screen. Wear goggles
when doing this job to protect the eyes
from splatter. Thermostatic expansion
valve screens may be serviced in much
the same way.

Master screens located at the re-

ceiver end of the liquid line are also

serviced as stated. However, in some
cases, the receiver must be discharged

to permit removing the master screen.

20-41. MOISTURE
IN SYSTEM

Many troubles in refrigerating sys-

tems may be traced to the presence of

moisture in the system. Moisture,

as it circulates through the system

in the presence of the oil and the

refrigerant causes many complex ac-

tions.

Moisture in the presence of sulphur

dioxide builds up an acid condition,

which corrodes the compressor parts

and quickly ruins the entire system.

With some of the other refrigerants,

the moisture combines with the re-

frigerant to form slight acids which,

although very slow acting, eventually

are a source of trouble. With Freon

-12, Freon -22, methyl chloride, iso-

butane, Carrene -2, and some others,

moisture in the system will freeze

at the refrigerant control orifice,

eventually clogging it. If immediate

action is taken to remove all moisture

or to make the moisture harmless,

many troubles may be eliminated.
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20-20. The T-Flo Drier. The refrigerant enters at the

left, passes down through the middle tube and then

upward toward the desiccant before leaving at the

right. (Ansul Chemical Co.)

20-42 DRIERS (DEHYDRATORS)

Surveys show that about 80% of

all service calls are either directly

caused by, or, are traceable to mois-
ture. Moisture in contact with refriger-

ants forms acid which corrodes metal,

initiates oil breakdown, and forms
sludge. These sludges plug driers,

filters, screens, and small orifices

such as capillary tubes. In addition,

if the moisture is present in large

enough quantities, it will form ice in

capillary tubes and expansion valves,

plugging them.

There are a number of ways of

removing moisture from refrigeration

equipment. These include high vacuum,
slow steady flow of hot dry air, and
several moderate vacuums broken with

dry refrigerant. The most common
method, however, of removing moisture
is with the use of a liquid line drier.

If the drying material has sufficient

capacity in both the high and low mois-
ture ranges and is fully activated, it can
replace all of the foregoing methods.
The conventional straight through drier

consists of a tube, (brass, copper, or

steel) filled with a chemical (desiccant)

which will remove moisture by absorp-

tion (activated alumina, or silica gel)

or absorption (calcium sulphate). Both
ends of the tube usually contain filter

elements, and the end caps are fitted

with either flare or soldered connec-
tions. One design of liquid line drier

allows the fitting to stay in the line and

only the drier cartridge is changed.
See Fig. 20-20.

The most common desiccants(chem-
icals in the drier shells) are Type H
and Type F activated alumina, silica

gel, and calcium sulfate. Calcium chlor-

ide, once widely used, is no longer

used in any quantity.

Driers are usually installed in the

liquid line. They may be installed in the

suction line as a temporary installation

to protect the compressor after a her-

metic motor burn out, or after severe

oil breakdown. Also in cases of extreme
space limitation, driers may be placed

in the suction line. All of the common
refrigerants can be successfully dried

with the drier in either the liquid or

suction line.

Refrigeration equipment should be

dried below 15 parts per million if

"Freon-12" is used and below 25 ppm
if "Freon-22" is used. The beginning

of corrosion in "Freon-12" is 15 ppm.
It is not known for "Freon-22," but

experience shows that corrosion, oil

breakdown, and motor burnouts are

stopped if it is dried to, or below 25

ppm.

When cleaning a refrigeration sys-

tem, there are four basic functions to

be carried out -- water removal, acid

removal, filtering out of circulating

solids, and some means of indicating

when the drying job is complete. Driers

will do the first three. A moisture indi-

cator is required to do the fourth.

Driers should be left permanently in the

systems since oil dries out slowly, also

cellulose insulation in hermetic com-
pressors may release moisture over a

long period of time. A drier is like a

sponge, however, and can become sat-

urated and leave the refrigerant still

wet if the drier is too small. A mois-
ture indicator is the only sure means
of recognizing this situation, especially

if it is an air conditioning application

With no possibility of freeze-up.

There are various moisture indica-

tors available on the market. A liquid

line moisture indicator (Ansul) turns

pink when the system is dangerously
wet and turns blue when it is safely
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20-21. A drier equipped with a sight glass and two
moisture indicators. The sight glass will reveal a shortage

of refrigerant and will also show a moisture indication

for either R-12, or R-22 refrigerant.

(Ansul Chemical Co.)

dry. The indicator is under a glass

window in the top of the T connector.

iFigure 20-21.

Another indicator (Mclntire), turns

Ipurple or orange if dangerous amounts

'of moisture are present and green if the

refrigerant is dry. Figure 17-40.

See Paragraph 17-22 for instruc-

tions on drier sizes.

Remember that "Freon-22" driers

i must be three to five times as large as

Ifor an equal quantity of "Freon-12."

rDriers must be eight times as large for

methyl chloride as for the same pound-

age of "Freon-12. M The greater the

ability of a refrigerant to hold water,

the larger the drier required.

Another type of drier is shown in

Figure 20-22. It has a bolted flange on

one end to facilitate replacing the des-

iccant core. The core is a hard cylin-

der made of a desiccant with an inert

binder. Since heat may injure the des-

iccant, the core should be removed
while the joints are being soldered.

Cartridge type driers are also avail-
able. One end of the drier is removable
and the spent drier cartridge may be.
replaced. Figure 20-23.

Liquid anti-freezes and so-called
liquid dehydrants are available which
eliminate freeze ups. These liquids
either chemically combine with the
water or act as an anti-freeze like alco-
hol in an automobile radiator. Some
manufacturers void their warranties if

these liquids are used in their equip-
ment.

Only two things should be inside a
refrigeration system. They are clean
dry refrigerant and good dry oil. A sys-
tem which is clean, dry, and acid-free
will run indefinitely without corrosion,
freeze-ups, oil breakdown or hermetic
motor burn-outs. In such a system there
is nothing to filter and plugging is im-
possible. A clean, dry, acid-free sys-
tem will . remain factory bright and
trouble free in operation. A normal sys-
tem is a completely clean one. A dirty
system is a faulty system and must be
regarded as a mechanical failure, just

as much as a faulty valve plate or con-
necting rod.

The best assurance that a system is

dry is to use and depend on a moisture
indicator.
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mercial systems is much the same as

described in Chapter 5.

All types of refrigerant controls

may be found in commercial systems.

If the system is a self-contained open

unit or a hermetic unit, it is serviced

in a manner similar to that explained

in Chapters 11 and 17.

The multiple cooling coil installa-

tions however, do have several other

features with which a service man
should be familiar.

20-44. SERVICING DRY MULTIPLE
COILS

Dry multiple systems which use the

thermostatic expansion valve refriger-

ant control have troubles and the symp-
toms for these troubles may be similar
to the low side float troubles. The
same difficulties of servicing are en-
countered with these coils because of

the number of coils connected to one
condensing unit.

The service man can check the

individual coils by the appearance of

the coil, by the sound, and by the

temperature of the expansion valve. If

the coil is frosting back so the suction
line is frosted, it may be due to the
following troubles; The needle may be
leaking; the control maybe adjusted for

too high suction pressure; the power
element may be attached loosely to the

suction line, Fig. 20-24, the power
element may be located in too warm a
position; moisture may have condensed
and frozen on the exterior of the bel-

lows, keeping the needle open; dirt in

the system may be holding the valve
open.

To determine which of these

troubles is the one responsible for the

faulty operation is a difficult task, and
the best method is a process of elimin-

ation. The location of the power element
may be easily checked and its attach-

ment to the suction line noted. It is re-

commended that the thermostatic bulb

be placed on top of the suction line

rather than beside or below it in order

that the liquid in the bulb will make
good thermal contact with the suction

line. A thermostatic control in which

the adjustment has been tampered with

is very rare and one may usually

depend upon customers not trying to

set them; therefore, one should not

attempt to readjust the control at first,

but rather to check for the other

troubles. Leaky needles or out-of-

adjustment valves cannot be repaired

satisfactorily on the premises.

The service man should remove a

faulty expansion valve and replace it

with one that is known to be in good

condition. The troublesome valve may
then be checked in the shop which

should be equipped for this purpose and

the trouble accurately determined.

If it becomes necessary to dis-

mantle a thermostatic expansion valve,

the thermostatic element should be

removed as a complete assembly and

not taken apart. The thermostatic ele-

ment is charged with refrigerant and

the power element bellows is under

considerable pressure at normal tem-

peratures. In the assembled condition

ff=5f
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static bulb is placed in an ice and salt

•solution and its temperature brought

low enough, the power element may
then be safely dismantled.

A starved coil, that is, one that is

giving very poor cabinet temperatures
and the coil itself is frosting very
unevenly or not sweating properly, may
be due to the following:

1. A clogged screen in the expan-

sion valve which may give no

refrigeration

2. A loss of refrigerant from the

power element in the expansion

valve will give erratic refrig-

eration

3. Moisture in the system which

may periodically give good re-

frigeration and then none, as the

moisture will freeze in the ori-

fice to the expansion valve and

close it

4. Wax in the valve. This wax is

from the oil and its presence

means that the oil used was for

a different temperature range or

was improperly prepared for

refrigeration service

5. A stuck-shut needle (although

this is a very rare occurrence).

In case of expansion valve trouble

it is recommended that a new valve be

installed. A clogged screen may be

easily detected. The repair is very

simple.

Removing an expansion valve which

has a clogged screen necessitates re-

moving both the liquid and gaseous

refrigerant from the lines to be opened.

The liquid line may be carefully heated,

driving the liquid refrigerant back to

the nearest shut-off valve, and this

valve then closed. The coil is already

evacuated (indicated by a warm coil);

after determining that the low side

pressure is at atmospheric pressure or

higher, the suction line valve may be

closed. The screen may nowbe remov-
ed after cleaning and drying the con-

nections.

Upon assembling the coil after a
repair has been made, the air should be
removed by purging the coil through a
loosened connection at the suction line

shut-off valve. The purging may be
performed by cracking the suction line

valve and removing the air through the

expansion valve low side fitting, if the

low side pressure of the system is 10

pounds per square inch or more.
In multiple systems all dry coils

using expansion valves should be in-

stalled with individual shut-off valves

for both the liquid and suction lines to

each coil.

A condition which results in trouble

with thermostatic expansion valves is

the attempt to adjust these valves in an

effort to maintain too great a difference

in temperatures in various boxes in the

system. This gives rise to very erratic

operation particularly in the coils which

are closed off the most. The remedy
for this difficulty is to use in addition to

the thermostatic expansion valve, one

or more two-temperature valves in the

suction line in appropriate places.

The problem of balancing the pres-

sures in a multiple dry coil installation

is very similar to those explained in

connection with removing a low side

float. Paragraph 20-40. An important

factor, inasmuch as most of these

systems are Freon -12, is to dry

thoroughly all connections before

breaking them open. Frequently, the

thermostatic expansion valve is attach-

ed to the coil in such a manner that this

is difficult. It must be done by using a

dry cloth or one saturated with alcohol

in order to dry thoroughly and prevent

future trouble due to moisture and dirt

entering the system.

Needless to say, as soon as the

expansion valve is removed, the re-

frigerant openings should be plugged

with appropriate fittings.

In multiple commercial installa-

tions in which finned coils are used, the

expansion valve is usually attached to
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the coil by means of an S.A.E. flared

connection. The flare nut in such an

installation must be shellacked, or

sealed from moisture, after the in-

stallation has been made and before

the unit starts to operate; otherwise,

ice will form between the nut and the

tubing and in a short time will cause

the tube to collapse or break, Fig. 20-

25.

Other methods have been devised to

prevent moisture from accumulating

behind flare nuts. One method provides

a rubber seal at the end of the flare nut

and another method consists of drilling

holes through the flare nut, the idea

being that moisture will drain out and if

ice does form it will release its pres-

sure through the holes in the nut

rather than against the tubing, Fig.

20-26. As mentioned previously, the

best sort of connection for use in the

interior of the cabinets is a soldered

flanged connection. Although soft sold-

er is most popular, some manufactur-

ers are recommending silver brazing

for all such joints except for expansion

valves as it is stronger and safer.

20-25. An illustration of what happens when moisture

freezes between the nut and tubing. A. Fitting; B. Flare

nut and tubing; D. Ice Formation; E. Flare being pulled

of place.

20-45. SERVICING MULTIPLE
FLOODED COILS

The repair of flooded coil low side

floats is similar to that of the single

unit refrigerators discussed in Chapter
11, but locating the trouble and dis-

mantling and assembling of the unit

differs somewhat from the single unit

practice. Gauges cannot be used to in-

vestigate individual coil troubles on
multiple installations. Therefore, one

must use ordinary observation to deter-

mine the trouble.

A continuous hissing sound in the

cooling coil is always an indication of

coil trouble and may be due to the

following causes: (1) A leaky needle,

(2) a lack of refrigerant, (3) a float out

of calibration, (4) the cooling coil not

being level, (5) a leaky float ball.

The hissing sound is very distinctive

if there is a lack of refrigerant and, in

addition, the liquid line is considerably
warmer than the suction line at the

20-26. Showing a method of preventing ice accumula-

tion between a flare nut and the tubing.

(Remco Inc.]

cooling coil. This may be determined
by putting one's hand over the two lines

just as they are going into the cooling

coil. The temperature difference will

be noted at once. The suction line,

although cold, will never frost or sweat
if there is a lack of refrigerant. If the

needle and seat are leaking, the hissing

sound is not so distinctive and may be

classified more as a gurgling sound.

Also, the suction line will likely frost

back to the opening in the cabinet wall

and sometimes all the way back to the

compressor. This frosting under nor-

mal conditions should never be more
than 6 in. to 8 in. back along the suction

line.

A low side float coil out-of-level

may be very easily checked with a

spirit level. An out-of-calib ration float

and a leaky float ball are rather

difficult to check and necessitate dis-
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mantling the cooling coil to learn the

Source of the trouble. A float which is

calibrated so the refrigerant level is

too low when the needle- closes will not

give the above sound, but will be in-

dicated by a poor frost surface on the

coil and inadequate cabinet tempera-

tures. It will tend to become oil bound,

since this condition permits an extra

deep layer of oil to form on the top of

the refrigerant.

In case of a lack of refrigerant, the

coil farthest from the condensing unit

vertically will be the one to show lack

of refrigerant first. Another way to

check up as to what trouble is occurring

in the coil is to loosen the cooling coil

from its hanger and rock it back and

forth. If it has an out-of-calib ration

float or a slight lack of refrigerant,

one will be able to hear the hissing

sound stop for short periods of time as

the liquid refrigerant moves back and

forth in the chamber. If there is a

leaky needle, the noise will not change.

If the needle is leaking, or one of the

other troubles is existent, one way to

determine it is to shut off the liquid

line valve (normally the one mounted
right on the cooling coil). Then allow

the condensing unit to run for several

minutes; this will lower the float more
than usual. Next, quickly open the

valve, permitting a rush of liquid re-

frigerant to wash past the orifice

opening. If a piece of dirt has lodged

between the needle and its seat this will

be immediately washed away and the

sound of hissing or gurgling will stop

momentarily, indicating that the trouble

has been eliminated.

To dismantle the cooling coil, in

case the necessity arises, the pro-

cedure varies depending upon the low

side pressure that the unit is operating

under. A common servicing policy, if a

leaky float needle is discovered, is to

close the liquid line valve and leave the

coil for a day. During this time the

operation of the condensing unit grad-

ually pumps the refrigerant out of the

bad coil, and continues to furnish re-

frigerant for the other cooling coils in

the systems. The users of the cabinet

should be warned that refrigeration will

not be continued until the coil is re-

paired. After the above period of time,

a replacement float mechanism should

be installed in the coil. It is not

recommended to repair the unit on the

job. Nor is it recommended to keep the

float chamber open for any length of

time. The coil is now all pumped down,

and the next operation is to balance the

pressures and isolate the coil. As

mentioned, the balance depends upon

the low side pressures in the system.

In many installations this pressure will

be found to be very close to atmos-

pheric. If the pressures are atmos-

pheric or above it, the service man

simply turns off the nearest suction

line valve which will isolate the cooling

coil from the rest of the system. After

thoroughly cleaning all of the joints

and drying them, the unit is ready for

dismantling. If the pressures are below

atmospheric, the following procedure

must be followed. The pressures

throughout the low side of the system

are the same; therefore, if the unit is

running at 5 in. to 15 in. of vacuum, the

service man must stop the unit when

the compound gauge on the condensing

unit reads psi, close the nearest

suction line valve, and start the unit

again.

There is always a quantity of oil in

the low side float coils, and it is im-

portant when opening the chambers to

guard against any chance of the oil

flowing out of the coil. To avoid the

possibility of oil escaping, loosen the

hanger bolts and tilt the coil so that the

front end is lifted. This will eleminate

the source of embarrassment. How-

ever, this leads to the difficulty of not

being able to determine whether or not

the cooling coil has too much oil in it.

Unless the coil has been showing signs
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of oil binding, none of the oil should be

removed. A certain amount of oil is

required for the correct operation of

these units. The exchange of float

mechanisms should be done as rapidly

as possible and a new gasket should be

used. When tightening the cap screws

on the cooling unit header, extreme
care should be taken to tighten them
evenly. The best system to follow in

tightening these screws is to skip each

alternate screw and go around the

header, tightening each screw a little

at a time. Only experience can tell how
firmly to tighten the screws. As men-
tioned before, always use cadmium
plated or Monel metal cap screws.

20-46. SUCTION LINE

The suction lines have the following

items that may need service:

1. Fittings

2. Hand valves

3. Two-temperature valves

4. Pressure reducing valves

5. Surge tanks

The fittings are checked as pre-

viously explained and the hand valves

are similar in construction to the

liquid line hand valves. It is important

to check the suction line size and to

determine, by using the compound
gauge, the pressure drop in the low

side of the system. The pressure drop

varies but it should not exceed 2 psi.

To check the pressure drop, record the

low side pressure when the unit is

running and then record the pressure

just as the unit stops. The difference

in the readings is the pressure drop.

20-47. CARE OF SERVICE VALVES

Service valves on commercial in-

stallations must be kept in very good

condition because they are used much
more frequently than those on a domes-
tic unit. Three things may be noted

which will assure good service and

valve life: (1) fitting the wrench to the

valve stem. (2) maintaining the packing

so that the service valve will not leak,

(3) oil the threads of the gauge connec-

tion each time gauges are used. Oc-
casionally after a certain period of use

these service valves have to be re-

placed. After gauges have been mount-

ed in the gauge opening of the valve a

number of times, the pipe threads in the

valve gauge openings become worn and

leak at this point. If the fittings in- '

serted in these gauge openings are

given a thin coat of solder, this trouble

will be eliminated.

One of the most frequent valve

troubles is the breaking of the valve

stem because of the stem sticking in

the valve body. Most valves are made
with a drop-forged brass body and a

steel valve stem. If one will heat the

service valve with a torch, the dif-

ference in expansion qualities of the

two metals will loosen the stem from
the body and make it easy to turn. If .

one does this and at the same time taps

the valve stem lightly with a hammer,
there will be no difficulty in turning the

valve stem.

20-48. TWO-TEMPERATURE
VALVES

Many multiple installations involve

several cabinets of different tempera-

tures connected to one condensing unit.

This necessitates the use of two-

temperature valves. There are three

principle kinds of two-temperature

valves as explained in Chapter 19.

Each has its definite application. The

metering type, two-temperature valve

is commonly used in ice cream and

soda fountain combinations in which the

ice cream must be maintained at around

5 F., the beverage coolers must be kept

at about 45 F., and the storage chamber
kept at a different temperature.

The two-temperature valves used to

permit this condition should beinstall-
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ed in the suction line of the warmer
coils. This connection may be at any
place on the suction line because its

operation is usually not affected by the

distance from the coil. Frequently this

valve may be found located in the soda
fountain, although many are located

near the condensing unit.

This type of installation may be im-
proved considerably by mounting a

check valve in the suction line of the

coldest coil to prevent the backing up

of the higher pressure gases into it;

also a surge tank should be mounted
near the condensing unit and connected

between the compressor and the main
suction line to cut down the rapid

fluctuations of the low side pressure.

In most code installations the two-
temperature valve and the check valve

must be mounted near the condensing
unit, and the surge tank must be mount-
ed on the condensing unit base.

20-49. SERVICING TWO-
TEMPERATURE VALVES

As explained in Chapter 19 the two-
temperature valves are automatic

valves, which, when installed in the

suction line, maintain a higher re-

frigerant pressure on one or more
coils than that which exists in the

remainder of the system. Three types

of two-temperature valves are:

1. The metering type

2. The snap action type

3. The thermostatic type

The metering type, two-tempera-
ture valve is the least expensive of the

three and is used extensively in a

beverage cooling and ice cream cabinet

combination. It should be located in the

suction line of the beverage cooler and

maintains an evaporating pressure in

the beverage cooler 10 psi or 15 psi

above the pressure needed to maintain
ice cream. The four troubles common-
ly encountered with this valve are:

1. Leaky needle

2. A stuck-shut valve

3. Out-of-adjustment

4. Frost accumulation on the bel-
lows

If the valve is leaky, the beverage
cooling coil will be too cold and there
will be danger of freezing. This cold

temperature may also be due to the

two-temperature valve being adjusted

too close and at too low a pressure. To
determine which of the two troubles
is prevalent, a check should be made to

see if the valve has been adjusted

recently. If the valve has not been
tampered with, the trouble is very
likely a leaky needle. If the valve has

been tampered with, one must readjust

it by using a thermometer to obtain the

correct beverage coil temperature. The
adjusting nut should not be turned

more than 1/2 turn at a time. A 15-

minute interval should be allowed be-

tween each adjustment to permit the

coil to completely respond to the new
pressure.

For accuracy in making adjustments

on two-temperature valves, a low pres-

sure gauge should be installed in the

low pressure side of the cooling coil.

Sometimes such a gauge opening is

available, but in many cases it is not.

Service work on such valves will be

facilitated if the service man, when

installing two-temperature valves, will

install a shut-off valve with a gauge

opening in the suction line to permit

the use of a gauge to check the low side

pressure.

A stuck-shut valve, which will be a

very rare occurrence, may be easily

checked by a non-cooling condition of

the beverage cooler and an adequate

refrigerant supply to the two-tempera-

ture valve, but not through it. This

refrigerant supply may be checked by

cracking the flare nuts on the high

pressure side of the two-temperature

valve. Some of these two-temperature

valves are provided with screens; a

clogged screen will be indicated by a
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non-cooling condition of the beverage

coil with symptoms similar to the stuck

needle condition.

Frost accumulation on the bellows

will occur only when the valve is

located in or near a freezing compart-

ment. The valve should be removed

from the freezing compartment and the

bellows covered with vaseline.

Exactly the same troubles are en-

countered with the snap-action, two-

temperature valve as with the metering

type. However, most of the snap-action

valves are provided with a gauge con-

nection in the nature of a one-way

service valve mounted on the two-

temperature valve body. This gauge

connection makes the adjustment of the

valve very simple and is a means

whereby one may determine whether

the valve is leaking or out of adjust-

ment. Occasionally, trouble is en-

countered because of presence of

moisture and its freezing on the ex-

terior of the valve bellows. This moist-

ure prevents the bellows from working

evenly and will tend to give erratic

operation to the unit. Any frost ac-

cumulation on the bellows should be

removed and the bellows coated with

vaseline to prevent any further ac-

cumulation.

The thermostatic two-temperature

valves offer the same troubles, causes,

and remedies as the above two and in

addition it has troubles resulting from

the thermostatic element. These

troubles are exactly the same as men-

tioned in regard to the thermostatic

expansion valves. They are:

1. Loss of the charge from the

thermostatic element

2. Frost on the bellows

3. Poor power element contact with

the coil

4. Pinched capillary tube

5. Wrong adjustment

These troubles are checked in the

manner similar to the method of check-

ing the thermostatic element in thermo-

static expansion valves.

20-50. SERVICING MOTOR

Motors used on commercial con-

densing units usually vary in size

from 1/2 H.P. to 15 H.P. Air-con-

ditioning systems require motors of

1/3 H.P. to 25 H.P. These motors are

connected to either 110-220 volt single-

phase or to three-phase lines. The

most popular voltage for the medium

sized commercial motor is 220 volts

single phase.

In addition to the condensing unit

motors, commercial systems use mot-

ors for fans, water pumps, stir mixes

in ice cream machines, etc.

Many localities require that a li-

censed electrical contractor, remove,

repair and install these motors. How-
;|

ever, the refrigeration service man i

must be able to diagnose motor;

troubles, to be able to locate the fault.

It is best for the refrigeration service

man to sub-contract the motor work.

Motor troubles can be traced to

1. Mechanical troubles

2. Electrical troubles

Mechanical troubles are those faults
|

in the bearings, pulleys, out of align-:

ment and excessive end play.

Electrical troubles may be furthei

I

classified as

1. Internal troubles

2. External troubles

To test the motor, it should be dis-i

connected from the compressor and rur

without any load imposed upon it. Thel

sound of the motor is very indicative oil

any trouble. Under normal conditions a

motor will emit a steady low hum, but

in case of worn bearings, rubbing

armatures, dry bearings, lack of volt-

age, etc., erratic beats will be heard ii

the 'humming, and the armature maj

chatter. If one is doubtful as to con-

dition of the motor, it may be thor-

oughly checked as suggested in Chapter

7.
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». With the motor running, make sure
the armature position is between the

two extremes of the armature end play.

If the armature operates against one

extreme of the end play, it means that

it is trying to assume its magnetic

center and in not being able to do so is

running inefficiently. The end play

should never exceed 1/16-in. and may
be adjusted by using fiber washers
which are obtainable at electrical

supply houses.

Adequate lubrication of the motor
bearings is absolutely necessary, and
the amount of oil in them should be
carefully checked. Refrigerant oil

should not be used to lubricate motor
bearings. Too much oil is just as

detrimental as not enough. Most motors
are equipped with overflow openings

which eliminate most of the danger of

too much oil. Bearing temperatures
are best checked with a thermometer.

The motor should occasionally be

thoroughly cleaned. No dust, dirt, or
grease accumulation should be left

within the motor or on the exterior of

it. Commutators and brushes, if used,

should be cleaned. They must make
good contact. The brush throw-out

mechanism should be free. The brush
releasing mechanism of small motors
may be checked by mounting a V-belt

on the motor pulley and imposing a

load on the motor by pulling on the other

end of the belt. A torque stand is

naturally the best means of determining
the real capacity of a motor. See

Chapter 12. A noisy motor may be

caused by a loose pulley, a loose fan on

the pulley, or a loose flywheel. These
items should be checked when a noise

complaint is received.

Fan motors are usually of the

shaded pole type. The most common
trouble is worn bearings. The location

of these motors usually results in a

lack of attention to oiling. Many of

these motors are designed to not need

lubrication attention but practice has

proven that many do need lubrication
periodically.

The pump motors and mixer motors
are serviced similar to the methods
described.

Always be sure the motor is wired
correctly, and that the voltage at the

motor is sufficient. Always test a

motor for grounds, and ground the

motor (single phase units).

20-51. MOTOR CONTROL
TROUBLES

Three types of motor controls are
used in commercial refrigeration,

namely, the low side pressure motor
control, the thermostatic motor con-

trol, and the high side safety motor
control. The troubles encountered with

these include:

1. Corroded points

2. A broken "Mercoid" bulb

3. Out-of-adjustment

4. Corroded or broken operating

springs

5. Out-of-level

6. Leaky bellows

Motor controls normally function

year in and year out without gi\ ing

trouble, but in cases such as unit

overloading, the resultant shortcycling

will very rapidly deteriorate the contact

points in the control, or will so over-

load the "Mercoid" that it will crack

and be destroyed. Corrosion of the

points may be remedied by cleaning

with very fine sandpaper (emery cloth

must not be used) or a fine mill file.

A broken Mercoid bulb must be re-

placed.

An out-of-adjustment switch is often

the result of tampering. These causes

of trouble are often difficult to over-

come. A pressure control maybe easily

checked by installing the gauge mani-

fold; use the compressor as a vacuum

and pressure pump and check the cut-in

and cut-out points. Three different

methods may be employed to build up

a pressure in the crankcase after the
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compressor is run to the cut-out point

of the control: (1) The suction line may
be cracked open again; (2) a by-pass

may be run from the discharge service

valve of the compressor to the suction

service valve (use the gauge manifold);

(3) one may use a refrigerant service

drum containing the same kind of

refrigerant attached to the gauge mani-

fold. Many service men carry a hand

vacuum and pressure pump in their tool

kit for the purpose of testing controls.

Fig. 20-27. This tool enables a rapid

check of the pressure control.

A thermostatic motor control is

more difficult to reset; the only ap-

proved method is to use an ice bath and

thermometer. The control may then be

set to cut in or out at any temperature

desired. See Chapter 12.

The high pressure motor control

presents but few difficulties because it

is adjusted to work only under extreme

conditions. The most common troubles

encountered are the occurrence of leaks

in the bellows, or at the joints of the

controls. Occasionally, however, one

will find that this control is short

cycling the refrigerating mechanism,

and this short cycling is due to exces-

sive head pressure. To check a high

pressure motor control element, con-

nect it to the gauge manifold and turn

the discharge service valve all the way

in. On running the compressor, a head

pressure will be produced sufficient

to cut-out the control; the high pres-

sure gauge will record the pressure at

which the cutting out takes place.

20-27. A hand vacuum pump used for adjusting motor

controls.

(Aminco Refrigeration Products Co.)

20-52. PERIODIC INSPECTIONS

The capital investment in any com-
mercial refrigeration installation re-

presents hundred of dollars. The in-

herent construction of most mechan-
isms is such that any troubles in the

system will be accumulative; that is,

one trouble will cause others. It is,

therefore, essential that all commer-
cial machines should be completely

checked over periodically. The service

man should devise a systematic method

of doing this in order that no detail

may be overlooked. Inspections should

cover such things as:

1. The electrical connections

2. Motor

3. Compressor noises

4. Amount of refrigerant

5. The water flow

6. Gas leaks

7. Coil conditions

8. The supports for the tubing

9. Coil supports

10. The condensing unit operation

11. Oil level

12. Belt condition

13. Belt alignment

14. Belt tightness

15. Cleanliness

It establishes good will and alsc

builds up a good contact file to prepare

a check sheet one copy of which should

be given to the owner. This check

sheet is the only time-tried system that

insures that one will not overlook some
important item.

20-53. SERVICE RECORDS

Service records are absolutely es-

sential if one wishes to establish a

permanent business. These records

should contain all details of the owner-

ship, the machine, and what type work

was done and material used. This re-

cord enables check backs if the unit

does not operate correctly, and it
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20-28. A condensing unit room or machine room for a super market. The seventeen condensing units are racked
on especially built stands. Note the oil separators and variety of units used.

establishes sales prospects as units

become older.

20-54. REFRIGERATION SERVICE
CONTRACTING

Much has been done during the past

few years in respect to contracting for

refrigeration service. Many large com-
panies have developed definite policies

in this respect, and many of the larger

independents are featuring this type of

servicing. See Fig. 20-28.

The usual contracting plan provides

for a charge of a definite monthly or

weekly rate, for which the service

company agrees to keep the refrigerat-

ing mechanism in good condition. This

charge may or may not cover parts

depending upon how the contract is

written. The success of such a plan

depends upon a large volume of con-

tracts in order to break even on ex-

'tremely bad installations. It is possible

that some multiple installation may be

completely ruined in a very short time
from some very minor trouble; a serv-
ice contract on such an installation

certainly would be unprofitable to the

service company, and only a large

number of profitable contracts would
enable an organization to tide over a

situation of this kind. Contracts maybe
on a time and material basis. Two
features of a service contract which
appeal to the purchaser are the 24-

hour available service clause, and an

absolute guarantee of work done.

If one has a service contract, a

procedure sheet or record sheet should

be used to prove service and to insure

complete coverage of checking.

This check sheet should include:

1. Test for leaks

2. Check refrigerant charge

3. Check oil charge

4. Check water valve

5. Check water drain

6. Check and lubricate motor

7. Check belt condition and tension

8. Clean unit

20-55. SERVICE ESTIMATES

Many organizations operating re-

frigerating equipment ask forbids when

a repair, replacement, or service is

required. A service organization bid-

ding on such work should have a man
who specializes In estimating work of
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this kind. This man should be thor-

oughly acquainted with material costs,

service problems, and labor costs; he

must be able to judge the time neces-

sary to do the repair. A pleasing

personality in combination with rapid

and accurate estimating ability is es-

sential.

20-56. REVIEW QUESTIONS

1. Why do code installations re-

quire safety release valves on

some receivers?

2. Why must hand valves be pro-

vided in the refrigerant lines to

each individual coil?

3. Why is it necessary to run re-

frigeration tubing parallel with

beams rather than across them?
4. Why is it necessary to mount

low side float coils absolutely

level?

5. Where are two-temperature
valves usually located?

6. Where may soft tubing be used in

a code installation?

7. Explain the method whereby air

is removed from a multiple dry
coil system.

8. Why is it necessary to put a

dehydrator on a new system?
9. What would be the purpose of a

dehydrator placed in a suction

line?

10. Why are hard drawn copper tub-

ing and streamline fittings be-
coming popular?

11. How is a lack of refrigerant in a

low side float multiple installa-

tion indicated?

12. What may be wrong if a thermal

expansion valve coil suddenly

starts to frost excessively at the

expansion valve, but the coil

near the suction line connection

is dry?

13. How are flare nuts protected so

moisture cannot get under them
and freeze?

14. Why is it necessary to have an

open water drain?

15. What must be done to balance the

low side pressures in a multiple

coil installation in case the sys-

tem is running on a 5-in. vacu-

um?
16. Are commercial systems nor-

mally charged through the high

pressure side or low pressure

side?

17. What safety precautions should a

service man follow when charg-

ing a system through the low

side?

18. Why are soldered flanged fittings

recommended foruse in making
inside cabinet connections?

19. What is the purpose of the felt

and fine mesh screen in a de-

hydrator?

20. Why must a system be very

carefully checked for leaks if a

lack of refrigerant is discovered

in the system?
21. What is the difference between a

dehydrator and a neutralizer?

22. What special precautions must

be followed when installing a

suction line?

23. Why must calcium chloride be

kept in a sealed container?

24. What cleaning fluid should be

used to clean joints before the

joints are opened?

2 5. What may cause a water-cooled

condensing unit to short cycle?
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Chapter 21

COMMERCIAL REFRIGERATION

CALCULATIONS AND HEAT LOADS

Most commercial refrigeration in-

stallations are refrigeration engineer-

ing problems. Four steps are required

in the solution of a refrigeration in-

stallation problem.

a) The total amount of heat (heat

load) that must be removed
b) The selection of a condensing

unit to handle the heat load

c) The selection of a coil or cool-

ing unit which in connection with

the condensing unit will furnish

the refrigeration desired

d) The installation of the system,

which must consider such fact-

ors as water supply, tempera-

ture control devices, refrigera-

tor line sizes, air circulation,

and humidity control, codes, etc.

In determining heat loads two fact-

ors must be considered; these are:

1. Insulation or heat leakage into the

box or container. This is affected

by the amount of exposed surface,

the thickness and kind of insula-

tion, and the temperature differ-

ence between the inside and out-

side of the box.

2. Usage or service in the tempera-

ture of the articles put into the

refrigerators, their specific

heat, generated heat, and latent

heat as the requirements de-

mand, also the factors of the

nature of the service required

such as the number of times per

day that the doors of the refrig-

erator are opened, heat generat-

ed inside by fans, lights, and

other electrical devices.

The selection of a condensing unit is

usually made from manufacturers'

tables of capacities. Cooling coils are

selected from specifications for capa-

cities, and are selected to balance the

capacity of the condensing unit. Also

the type of temperature control, the

arrangement for air circulation, and

specific duty affect the selection of a

coil.

The installation of all commercial

refrigeration equipment involves tech-

nical understanding of all the factors

and is a determining factor in the

successful operation of the system.

The following paragraphs on commer-

cial refrigeration are aimed to lay a

foundation on the process of specifica-

tion and installation of commercial re-

frigeration equipment.

21-1. HEAT LOAD

The total heat load consists of the

amount of heat to be removed from a

cabinet during a certain period. This

is dependent on two main factors:

1. The heat leakage load

2. The heat usage or the service

load.
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21-2. HEAT LEAKAGE VARIABLES

Various research organizations

throughout the world have experiment-

ed to determine the factors of heat

leakage through walls; refrigeration

companies have spent considerable

time perfecting means whereby we can

be absolutely sure of the quantity of

heat that leaks into definite kinds of

containers for refrigeration. The five

factors that affect heat leakage are:

1. The time

2. The temperature difference

3. The thickness of the insulation

4. The kind of insulation

5. The external area of the cabinet

a) The longer the period of time,

the more heat will leak through

a certain wall. The standard

time unit used for computa-
tion is the 24-hour period,

although a few prefer the 1-

hour period.

b) The difference in temperature
is an important factor in the

heat leakage of a container.

The greater the temperature
difference the more heat will

leak through the wall. One
might compare this idea to

pressure: the more pressure
the more gas or water will

flow through an opening.

c) The third variable is the thick-

ness of the insulation. The
thicker the insulation, the less

heat will flow through it. Twice
as much heat will leak through
a wall that is insulated with

1 in. of insulation as will flow

through a wall having 2 in. of

insulation.

d) The kind of insulation or the

material used is one of the

most important considera-

tions in the construction of

these containers. Cork, for

instance, will insulate approx-

imately four times better than

wood and eight or nine times

better than brick, etc.; on the

other hand some insulations

are more costly than others

and this must be taken into

consideration.

/ HARD
WOOD

FINISHED

-/"SPRUCE OR FIR

-3"0R 4 INSULATION

SEALING PAPER

21-1. A cross section of a walk-in cooler wall.

e) Just as the size of the pipe
j

determines how much water

will flow through it (the big-

ger the pipe the more water

will flow), so the more the

area through which heat may
leak the greater the heat flow.

The common unit used for de-

termining heat flow is the

square foot of area. This area

is always taken as the outside

of the container, although to be

exactly accurate one should

use an intermediate area.

21-3. HEAT LOAD (LEAKAGE)

To bring together the variables just

mentioned, standards have been devel-

oped and are now being used by the

various refrigerating companies. The
variables have been reduced to unit

values, and the heat leakage of the wall

is first determined for the unit values.

The unit or basic values are obtained

from a slab of the insulation one square

foot in area, one inch thick, with a tem-

perature difference of 1 F., and over a
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period of time of either 1 hour or 24
hours. The values obtained represent

the heat flow through the slab under
these conditions and naturally vary
with the kind of insulation. This materi-

al has no air film or liquid film on either

side (enclosed in metal).

This formula deals with one kind of

insulation only, in order to compute the

heat leakage through a composite wall,

such as a wall made out of wood and

cork or wood and metal, Fig. 21-1, the

formula for computing the common K
factor is shown and explained as fol-

MATERIAl /

MATER

M

/ d

HATE, ft/Al 3

21-2. A composite insulating panel.

lows:

If the wall is made up of three dif-

ferent materials this overall heat leak-

age (K) (See Figure 21-2) is found as
follows:

The total heat conductivity for the

composite structure shown in Fig.

21-2 equals:

K=-
thickness of material 1 , thickness of material 2

Conductivity factor

per material 1

conductivity factor

for material 2

thickness of material 3

conductivity factor

for material 3

df

and

L<l=thickness of material 1

L^nthickness of material 2

L3Z: thickness of material 3

^1 = conductivity factor for material 1

k2 — conductivity factor for material 2

k3 — conductivity factor for material 3

then the formula becomes

K =
_^1

L2 L
3

kl k2 k 3

To solve for the conductivity for the panel shown in Figure 21-3 proceed as
follows:

K =
thickness A thickness B thickness C
k for wood k for Celotex k for cork board

H>om paragraph 29-10 we find the k values as follows:

k for wood zz .80

k for celotex = .31

k for cork board = .285

substituting these values in the above formula we have

~^5_ + ^25 + _1
25_ " .624 + .807 +.877 2.3

.80 .31 .285

= .435 which is the unit of conductivity for the panel.
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An air film that clings to the outer and inner surfaces of the cabinet adds to

the insulating value of the walls of the cabinet. This added resistance is calculated

as in the following formula in which the outside air film is considered to have a

heat transfer value of 6.00 and the inside wall air film has a value of 1.65.

K- Unit of conductivity for materials of a composite nature.

U- Unit of conductivity for materials of a composite nature plus the

effect of the air clinging to both the outside (F.) and the inside

(F.) walls.

If the insulating value of the air clinging to the walls is condensed the formula

becomes:
1

1 L
l

L
2

L
37-+—- + -r^-+ — +

fo ki k2 k3

the value of fo = 6.0

the value of f ; .= 1.65

Regarding working the problem in Fig. 21-3:

U=-
1

6.0 +

1

4.55

.80

= .22

1

.25

.31

25

.285 1.65

1 1.66 +.624+ .807+ .877 +.606

The value of K as computed in the previous problem -.435. The value of U
as computed in this problem r .22. This shows the insulating value of the air

adjacent to both the inside and outside walls.

This type of computation is very complicated as one can readily see; there-

fore standard tables for computing heat leakage have been developed.

SOFT WOOD

CFtOrFX

ca*/e board

21-3. A composite insulating panel composed of various

materials at specified thicknesses.

21-4. TABULAR METHODS OF
DETERMINING HEAT
LEAKAGE

A method for determining the heat

leakage into a cabinet, such as used by
some refrigeration manufacturers, is

shown by Fig. 21-4. The values are

based on actual experiments and in-

vestigations, and practice has shown
their accuracy.

One will note that tables for the

heat leakage of glass are included in

Fig. 21-5. Many refrigerator cabinets

are equipped with windows. The tables

show that the heat leakage through win-

dows is very high compared to the

leakage through walls.

To use the tables, proceed as fol-

lows (using a butcher or walk-in refrig-

erator box as a sample problem): The
sales engineer visits the establishment

and obtains all the data possible con-

cerning the cabinet and the service.
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Temperature
Difference
in Degrees
Fahrenheit
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Name

REFRIGERATION SALES ENGINEERS DATA SHEET

Type of Business,

Glass;

Area

No. of Thickness,

Produc e

Light

Motors

Date

Address



Box
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Windows: 1 1/2x2x2=6 sq. ft. of window
344-6=338 sq. ft. of insulated

wall

From table Fig. 21-4,

1 sq. ft. of the wall allows 90 Btu per

24 hours.

90x338 sq. ft.=30, 420 Btu per 24 hours

through the walls.

From table Fig. 21-4,

1 sq. ft. of the windows allows 550 Btu

per 24 hours.

550x6 sq. ft.=3,330 Btu. per 24 hours

through the windows.

30, 420 +3,300=33,720 Btu Total per 24

hours.

21-6. HEAT LOADS (USAGE)

The total heat load of the refrigera-

tor cabinet in addition to being depend-
ent upon the heat leaking through the

walls and windows is also affected by

the heat to be removed from articles

in the cabinet and air change. This

heat is called the heat usage, or the

service load, and it is caused by the

changes of air in the cabinet, by the

produce to be cooled, by lights and
motors which may be used inside the

box, and by the occupancy of the box.

Refrigeration equipment manufact-
urers have developed a standard where-
by one may obtain a fairly accurate
estimate of the usage heat load. The
method is as follows : The box is classi-

fied as to the type of service to be
performed, and under this classifica-

tion come florist's cabinets, grocery
boxes, normal market coolers, fresh
meat cabinets, and restaurant short-
order boxes. From experience these
companies have found that such boxes
used for the same general line of

business hold rather consistently to the

same usage heat load. This load de-
pends in detail upon the following basic

factors:

1. The temperature difference be-
tween the exterior and the in-

terior of the cabinet

2. The volume of the cabinet (in-

ternal)

3. The type of service

4. The time

It is possible to calculate by using a

typical installation and determine the

amount of food put into the refrigerator,

how many times the door is opened,

and for how long a period of time the

employees are inside the cabinet. This

is a very laborious process and, unless

very carefully performed, discrepan-
cies are bound to appear in the results.

As the data in the tables are based
upon 1 cubic foot content at various

temperature differences, so the follow-

ing method is the usual procedure to

determine the usage heat load: The
temperature difference is the same
value as that used for the heat leakage

into this cabinet, while the volume of

the cabinet is computed from the inside

dimensions. We next determine under

what type of cabinet the box may be

classified. A meat market, for instance,

may be one in either a small residen-

tial neighborhood or it may be a central

meat market. There would, of course,

be considerable variation in the amount
of heat to be removed from the con-

tents of these cabinets. The values

given in Figure 21-5 can only give the

load for certain set conditions and it

is necessary to understand the in-

dividual case.

After the total volume of the box has

been calculated, one must determine

the load for each cubic foot by re-

ferring to the table; if the cabinet

appears to be a normal market with a

temperature difference of 50 F., the

amount of heat to be removed from
each cubic foot will be 80 Btu per 24

hours. Multiply this value by the total

volume in cubic feet and a fairly

accurate estimate of the service load

will be obtained. The table gives the

heat usage over a period of 24 hours as

this time is the established standard.

520



COMMERCIAL CALCULATIONS, HEAT LOADS

Heat usage — usage Btu x volume in cu.

ft.
t

Using the above example:

In the sample cabinet which is6x7x10 the walls are 5 in. thick

(1 inch wood+3 in. insulation+1 in.

wood). Therefore the internal or inside

width is 6 feet minus 5 inches minus 5

inches (there is a wall at each end). The
inside dimension then equals 6 feet mi-
nus 10 inches 6 ft. minus 5 ft. 5 1/6

6

feet. The same method is used to

calculate the other internal dimensions.

The internal dimensions are:

5 1/6 ft. x 6 1/6 ft. x 9 1/6 ft.

5 J_x 6 J_x 9 J_
6 6 6

5x6 + 1 x 6x6 + 1 x 9x6+1
6 6 6

_30 + 1 x 36_+ 1_ x _54 + 1

6 6 6 6 6 6

The internal volume _31 x 37_ x 55 -

6 6 6

63085- 292 cu. ft.

216

Heat usage under the above con-

ditions - 80 Btu. per 24 hrs. for 1 cu. ft.

Heat usage = 292 cu. ft. x 80 Btu.

per cu. ft. - 23,360 Btu per 24 hrs.

Total Heat Load :r Heat leakage +

usage = 33,720 (See Paragraph 21-5) +

23,360r 57,080 Btu. per 24 hrs.

The addition of the heat leakage and

usage will give the total heat load upon

the cabinet for a certain set period of

time. This value may be listed either

as Btu's per 24 hours, or Btu's per 1

hour.

21-7. ICE MELTING METHOD

Another way of calculating the total

heat load of a cabinet is to use ice as

the determining medium. If one were to

put an ice bunker in the refrigerator

cabinet under investigation in such a

manner that the ice would be utilized

scientifically, the number of pounds of

ice melting per day to produce satis-
factory refrigeration will be a measure
of the total heat load on the cabinet.
The conversion factor between Btu's
and ice melting equivalent is 144,

meaning that one may divide the Btu's
per hour by 144 and the ice melting
equivalent value in pounds will be
obtained. This I.M.E. value is another
standardized means of comparing cap-
acities.

It may be noted that the accuracy of

this type of calculation depends upon the

original data and also one should be
careful in selecting the tables to be
used. The tables in this text have been
developed through years of careful in-

vestigation and are generally consider-
ed satisfactory.

Example: What will be the I.M.E.

for the cabinet in Paragraph 21-6. The
total heat load was 57,080 Btu per 24

hours. ... .,^ IME .total heat load _sr080 -.
144 144

396 lbs.

The ice consumed may be measured
by collecting the drainage as the ice

melts. Two discrepancies that may
occur in this method are that the cab-

inet may require temperatures other

than those obtainable by means of ice,

and the moisture precipitated out of the

air will affect the calculations some-
what. It is also inconvenient in certain

cases to put ice into the cabinet to

determine the load. Where an installa-

tion of automatic refrigeration is to be

made in an old ice-cooled box, this

method can be used very easily as the

ice equipment is already available. The

total amount of water drainage does not

have to be measured. The most popular

way is to measure the drainage for

1/2-hour periods at four intervals

during the 24-hour period.

The values are given in pounds of

ice melting equivalent per day per 1 F.

per 1 square foot of external area.

These columns, therefore, base the
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usage and service upon the area of the

cabinet rather than upon the internal

volume. See Fig. 21-8. These com-
panies do not differ radically from the

method previously explained in doing

this because cabinet designs are such

that their volume varies almost direct-

ly as the area. For example, two cab-

inets which have the same exterior

area seldom differ much in their cubic-

al contents.

21-8. COOLING COIL AND
CONDENSING UNIT
CAPACITIES

After calculating the heat load, it is

necessary to determine the size of

cooling coil and condensing unit re-

quired to furnish the refrigeration.

Some important features are as

follows:

1. The cooling coil removes heat

from the cabinet only when the

condensing unit is running

2. The refrigerating unit usually

'runs from 14 to 20 hours out of

each 24 hours. This means that

the unit must have a refrigerat-

ing capacity in 14 hours of op-

eration equal to the total heat

load in 24 hours.

The cooling coil's capacity depends
upon three conditions:

Type Factor-Lbs. of ice per hr.

of per°F
Usage per sq.ft.

Light .028

Average .

.

. 04-2

Heavy. . . . .056

21-8. Usage factor based on type of service. The re-

frigeration factor is in points of ice melting effect (I M E)

per hr. per degree P per square foot of cabinet surface.

(American Society of Refrigerating Engineers)

1. The cabinet temperature
2. The refrigerant temperature
3. The space allowed for the coil

Condensing Unit



COMMERCIAL CALCULATIONS, HEAT LOADS

30,00

21-10. A graph showing the relative effect on cooling

coil and unit capacity at different temperatures inside

the cooling coil.

creases) providing the cabinet tem-
perature stays the same.

The capacity of a condensing unit

increases as the low side pressure
increases, Fig. 21-10.

From the figure you see that this

particular cooling unit matches the

condensing unit at a low side pressure
of 32 psi and the combination will

remove 12,500 Btu per hour.

To obtain the Btu/ hour load on the

condensing unit and the cooling coil,

one may use the tables in Fig. 21-11

through Fig. 21-15. The tables give

directly the capacity of the condensing
unit and cooling coil needed to handle

the refrigeration load.

As the size of the cabinet becomes
larger, simple tables are not accurate

enough. The heat leakage factors re-

maining, the same but the usage factor

must be more accurately determined.

Inches
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21-15. Temperature, specific heat, and latent heat data for the more common foods.

(Bush Mfg. Co.)

Product
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eddy currents of air would result

(small circular flows of air) disturbing

the air flow in the cabinet. Baffled

coils are always of the natural convec-

tion type, and the air flow around the

box is due only to the relative weights of

the cold air and the warm air (density).

The warm air is lighter per cubic foot

of volume and, therefore, rises in the

box. This natural circulation must
never be hindered or the box tempera-
ture will not be constant. Baffling the

coils tends to promote this natural cir-

culation of the air and to speed it up.

21-16. The circulation of air in an overhead coil re-

frigerator cabinet.

21-10. COIL BAFFLES FOR WALK-IN
COOLER

A typical baffle problem is an over-
head coil installation in a walk-in
cooler. This method is used in a

cabinet where sufficient head room
remains after the baffle has been in-

stalled. The coil is centrally located in

the top of the box and the baffle

surrounds it in a certain mathemati-
cally proportioned manner. The baffles

are divided into two styles called the

single baffle and the double baffle. The
chutes or flues through which the air

is made to flow are proportioned to the

size of the box. The easiest way to do

this is to consider the sizes of these

flues in relation to the floor area of the

cabinet. The cold flue or chute must

21-17. A single baffle arrangement. A. Cold air flue =
W W
— ; B. Warm air flue = — ; C. Same as B; D. C + I in.;

7 6

E. A. + to 4 in.; F. 3 to 4 in.; G. 4 to 7 in.

have an area of approximately one-

sixth or one-seventh the area of the

floor of the box and the warm air flue

must be slightly larger than this to

provide for the expansion of the air as

it warms up. It is understood that the

baffle runs the full length of the cabinet

and it always directs the air around the

shortest route (the width of the box),

Fig. 21-17. The warm air flue is

frequently made the same size as the

cold air flue although a width of one-

sixth the width of the cabinet should be

used. This figure means a slight in-

crease in size of the warm air flue

over that of the cold air flue. As the

warm air rises in the warm air flue,

it must flow over the vertical baffle to

reach the coils. The area of the open-

ing at the top of this baffle must there-

fore be equal to that of the warm air

flue.

These overhead coils are used in

cabinets which have an exterior height

of 9 ft. 10 in. The exact construction of

the baffle depends upon the width of the

cabinet. If the width is less than 7 ft.

internal dimension, a single baffle may
be used, but if the width exceeds this

value a double baffle must be used. This

double baffle is a construction wherein
the cold air is admitted to the center of

the box and the warm air rises along
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21-18. A double baffle arrangement. A. Cold air flue =
W W
— ; B. Same as C. warm air flues, each are — ; D =
7 12

E = B; F. E. + I in.; G. 3 fo 4 in.; H. Same as K, i.e.,

W
4 fo 7 in.; I. Same as J, i.e., —

.

14

the two sides. Fig. 21-18. The same
basic rules hold as well for the double

flue as for the single flue types. The
total width of the cold air flue must be

1/7 W. and the total of the warm air

flues may be 1/6 W. or 1/7 W. This

means that each warm air flue is 1/12

W. orl/14 W. to permit the air that

goes up the warm air chute to pass over

into the coil chamber. The opening

between the vertical baffle and the

ceiling of the cabinet must be the same
size as the warm air flue, namely 1/12

W. or 1/14 W. The slope of the horizon-

tal baffle should be between 1 and 2

in. per foot of length.

The other dimensions in baffle con-

struction vary somewhat as to the policy

followed. It is best to give the baffle as

much depth as one conveniently can

within the cabinet, but it is recom-
mended that this over-all dimension be

not more than 2\ ft. The exact con-

struction of the baffle depends on the

type of coil to be mounted within it. If it

is a shallow coil of from 6 in. to 8 in.

in depth, this coil should have the top

of it 1 in. below the top edge of the

vertical baffle; this value should be in-

creased as much as possible, still

allowing the* head room necessary in the

cabinet. In other words, a distance of

two or more inches from the top edge of

the coil to the top of the vertical
baffle is p-eferable. If a deep coil is

used, i.e., 16 in. to 20 in. deep, it is

sometimes necessary to permit the top
of the coil to be above the top edge of

the vertical baffle. This tends to de-
crease the efficiency of the baffle con-
struction as it cools the air before it is

below the vertical baffle edge, giving it

a tendency to flow back through the

warm air flue. Under this condition, the

coil must be at least two inches from
the ceiling of the cabinet. The space
between the vertical baffle and the coil

proper should not be less than 4 in. or

more than 7 in. If less, the effective

area of the coil is decreased. If it is

more, air turbulence results, and some
of the air is not cooled sufficiently as it

goes through the baffle. The coil should

be kept 3 in. or more above the

horizontal baffle and it should never be

allowed to overhang the flues. That is,

in a single baffle construction, the

coils should not be allowed to extend

over the cold air flue, because this

would permit moisture to drip on the

contents below. The baffle must be pro-

vided with an adequate drain to take

care of all condensation from the coil,

and it is best made from galvanized

iron built to provide its own drainage

slant.

21-11. MULTIPLE BAFFLES

Overhead cooling coils may be ob-

tained with multiple baffles. These

baffles are narrow strips of metal

(aluminum) or are of aplastic material.

They each have their own drain and the

condensate then drains to a manifold

drain. Sweating on the under side of each

baffle is prevented by maintaining

multiple down drafts of air to prevent

eddy air currents of .warm air from

contacting the underside of the baffle

strips.
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21-12. BAFFLE CONSTRUCTION

The vertical baffle is usually made
of two thicknesses of ^-in. spruce lum-
ber constructed with building paper
between the two boards giving a total

thickness to the vertical baffle of appro-

ximately 1 in. The horizontal baffle

must be insulated inasmuch as the top

surface of it comes in contact with

extremely cold air, whereas the bottom
of the baffle comes in contact with

relatively warm air. This baffle is also

constructed of two layers of spruce
wood \ in. thick, but in addition 1 in. of

insulation is mounted between these two
surfaces. During the construction of the

baffle, the insulation should be sealed

with hydrolene, Fig. 21-19. The top sur-
face of the baffle should be cove red with

galvanized iron, which inust be con-

structed so the metal wiU extend part-

ially up to the vertical baffle and also

over into the drain trough at the other

end of the baffle, Fig. 21-20. Cadmium-
plated brass or other rust-proof nails

must be used throughout. The vertical

baffle is usually fastened permanently

into the cabinet by means of angle

irons or wood cleats. The horizontal

baffle may be fastened at its two ends

by the same method. That part of the

horizontal baffle which fastens to the

21-19. Baffle details (deck and baffle). A. '/2
-in. spruce;

B. Sealing paper; C. Insulation; D. Cleats; E. Wood
screws; S. Galvanized iron.

vertical baffle is hinged to it, and the
other end is held up by hooks and eyes.

iv_y

21-20. Baffle trough detail. A. '^-in. spruce; B. Sealing

paper; C. Insulation; D. Cadmium plated wood screws;

E. Brass wood screws; F. Galvanized iron trough; G.

Galvanized iron deck covering.

This construction permits very easy

periodical cleaning of the baffle, and

also makes the coil more accessible to

the service man. The more modern
cabinets, especially those constructed

for mechanical refrigeration, have the

baffles already constructed within.

21-21. Corner coil and baffling in a walk-in cooler. W.
W W

Width from wall to baffle; A. — ; B. — ; C. B + I; D.

7 7

2 in.; E. 2 in.; F. 2 in.

21-13. BAFFLES FOR ODD SIZE
COILS

Many cabinets do not have room to

mount overhead coils such as one type of

walk-in cooler which is constructed

with an exterior height of approxi-

mately l\ feet. This height necessitates

some other coil mounting, and two

types of mountings are sometimes

used. (1) In one method the coil is put

in the upper corner of the cabinet as

far as possible from the entrance door

to the cabinet, Fig. 21-21. (2) The other
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.

21-22. Wall coil and baffling in a wallt-in cooler. W.
W W

Width from wall to baffle; A. — ; B. — ; C. 2 in.; D. 2 in.

7 7

E. 2 in.

method uses a wall coil mounted against

the wall opposite the windows or the

reach-in doors of the cabinet, Fig. 21-

22. These coils are baffled, using the

same basic values for air flues as the

overhead coil. Note that the horizontal

baffle in Fig. 21-21 is built to allow a

1-in. space between it and the wall in

_k WINDOW

*a

w

21-23. End bunker baffle arrangement. W. Length from

W W
end of counter to baffle; A. — ; B. — ; C. B + I in.;

7 7

D. 2 in.; E. 2 in.; F. 3 in.

order to permit a small circulation of

air underneath the baffles, thus keeping

correct refrigeration in this space. In

this construction the vertical baffle is

the one insulated. The construction of

the baffles is identical to the construc-

tion described in Paragraph 21-12.

21-14. DISPLAY COUNTER
BUNKERS

Overhead coil and end bunker dis-

play cabinets are baffled for the same

reason as in the overhead coil, walk-in
cooler. However, the end bunker basic

distance (W) is the distance from the

baffle of the coil or coils to the

extremity of the counter. Fig. 21-23.

In the display counter the basic distance
(W) is the intermediate width of the

cross section. That is, if the top of the

display case is only 1 foot wide and the

bottom is 3 feet wide, the basic distance

(W) is 2 feet. As in the case of the

walk-in cooler, these cabinets fre-

quently come with the baffles already

constructed within, Fig. 21-24. In this

case standard baffle designs are in-

stalled, as have been found to be best

in actual tests.

21-15. GROCERY CABINET BAFFLES

Grocery cabinet coils are located in

the upper center of the cabinet and are

baffled with the typical double baffle

system. The basic width or W upon

which to calculate the various dimen-

sions is the total of the two distances

from the vertical baffles to the end

walls. That is, if the interior width of a

QOil

21-24. Display case rear bunker baffle arrangement.

grocery cabinet is 5 ft. and the coil

space plus the baffle thickness takes up

1\ ft, the baffle dimensions or flues will

depend upon the 2\ ft. remaining dis-

tance or space. The coils cannot be

placed as far from both the ceiling and

the baffles as in the walk-in coolers;

therefore 2 in. is specified as the

minimum distance for these spaces.
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21-16. COOLING COIL TYPES

Many kinds of cooling coils have

been used in mechanical refrigeration,

but there have been in use two basic

types. One type of coil is used to cool

the air within the cabinet directly,

while the other type of coil is used to

cool a liquid which may be either con-

sumed or used to cool other substances.

These are called (1) air-cooling coils,

(2) liquid-cooling coils. The air-cool-

ing coils may be further classified as

the dry and the flooded type, both of

which may be either of the frosting, the

defrosting, or the non-frosting type.

Also there are forced circulation coils

of either the flooded or dry type. The
liquid cooling coils may be subdivided

21-25. Heat transfer from air surrounding a coil, to the

coil, through the coil and to the refrigerant inside.

into the submerged coil and the tube-

within-a-tube coil. In commercial re-

frigeration certain kinds of coils are

tending to become more popular than

others. Among these are the dry non-

frosting air cooling coils, the forced

circulation dry coils, and the sub-

merged flooded ordry coil. See Chapter

19.

21-17. AIR COOLING COIL THEORY

The theory involved in the transfer

of heat from the air circulating over the

coil to the refrigerant is that, as the

warm air comes in contact with the coil,

the air molecules striking the fins

release some of their energy to the fin

(transfer the heat to it). This heat in

turn travels through the fins, then

through the tubing of the coil, and com-
ing in contact with the liquid refriger-

ant on the inside, tends to boil it. The
greatest heat transfer problem in this

case is that of moving the heat in the

air to the fin due to the low density

of air. After reaching the metal, the

heat travels very efficiently and rapid-

ly, but upon reaching the interior sur-
face of the tubing, it again incurs

difficulty in reaching the refrigerant in

the system due to such things as gas

bubbles clinging to the internal surface

and an oil film on it.

21-18. COOLING COIL CAPACITIES

One of the laws of thermodynamics
(heat in action) is that heat always

flows from a higher temperature to a

lower temperature. As in the case of

the heat leakage, the amount of the heat

leakage depends on four variables (1)

area, (2) temperature difference, (3)

thickness of the material and (4) time.

The kind of material used in cooling

coils is of utmost importance since the

materials used must be very good heat

conductors.

The heat transmission is through

various materials. For air cooling

coils, the heat must pass through an air

film on the metal surface, through the

metal and then through an oil or liquid

refrigerant film on the inside of the

coil, Fig. 21-25.

If the air is moved rapidly, the heat

flow is greater because, first more air

contacts the metal per unit of time and

second the air film is thinner and

therefore the heat conductivity is great-

er.

If the oil or refrigerant film is

moved faster or if it is thinner due to

greater movement, this also will in-
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crease the rate of heat flow.

* Generally speaking, the denser the

fluid the greater the heat flow, and the

faster the fluid motion, the greater the

heat flow.

The U factor for natural convection
coils is approximately

1 Btu/sq. ft./F/ hr.

The U factor for blower coils is

approximately

3 Btu/sq. ft./F/ hr.

The U factor for liquid cooling coils

is approximately

15 Btu/sq. ft./F/ hr.

21-19. COOLING COIL AREA

It is best when calculating or deter-
mining the capacity of these coils to rely

on the manufacturer's specifications

inasmuch as they obtain their heat

capacity values from actual experi-

mental investigation. Such things as

poor circulation, frosted fin condition,

air turbulence around the coil, and even
the amount of moisture in the air will

affect the capacity of the coil tremend-
ously. To calculate the external surface

area of a coil, care must be taken to

consider such things as both surfaces

of the fin, the outside surface of the

tubing (neglect the area where it comes
in contact with the fins) and the external

surface of the float chamber. For
example, to find the area of a coil

'Fig. 21-26) with 6-in. x 8-in. fins

.025-in. thick 10 ft. long, having £-in.

fin spacings and using two 5/ 8-in. tubes

4 in. apart is as follows:

I. The total number of fins

10 x 12 x 2 = 240 + 1 (extra end

fin) =241 fins

Fin area = area of each side of the

fin minus the area replaced by the

tubing.

II. Area of one fin = 8" x 6" x 2 -

7T(5/8) 2 2 x 2 _

The -77(5/8)2 x 2 x 2 = area of hole

The 8" x 6" x 2= the gross area of

both sides of the fin

21-26. Cooling coil fin specifications for

problem.

sample

x 2 holes x 2 sides to the metal

removed.
The 7T (5/8) 2 is obtained from the

4

formula

Area of a circle =77r2 (r - radius

and 7T=3. 1416)

2r ^diameter —

77 £1*- 77-1-77^
2 4 4

96 - 80- 94.75 sq. in. per fin

64

III.

IV.

VI.

Total fin area = 94.75 x 241=
22,835 sq. in.

Area of 2 tubes 5/ 8-in. D; 10 feet

long 2 X7T5/8 x 120 = 15.71 x 30 -

471.3 sq. in.

The actual tube area is decreased

by the thickness of the fins, i.e.,

the following amount:

Fin contact area — 7T5/8 x .025 x

241 = 15.71 x. 025x241 =12.17 sq.

in.

Actual tube area 471.3 — 12.17 =
459.13 sq. in.

Tube bend area - length of bond x

circumference length -2" radius

X 77

circumference - 5/8" x 77

Area= 2" x7T5/8 x 77 r 10/8 x 9.87

= 12.2 sq. in.
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VII. Total area 22,835

459.13

12.2

23,306.33 sq. in.

or in sq. ft. 23,306.33 -f- 144 =
161.85 sq. ft.

The coil is unable to remove heat

from the cabinet when the compressor
is not running. Therefore, the heat

removing capacity of a coil is calculat-

ed on the same running time as that of

the compressor. The allowable cal-

culated time for the condensing unit to

run and, therefore, the allowable time
for the coil to remove heat from the box

during a 24-hour period, varies between
14 and 18 hours in commercial ap-

plications.

An example of heat transfer ability

is as follows: What is the capacity of a

coil having an external area of 15

square feet with a refrigerant tempera-
ture of 22 F., if the average box tem-
perature is 42 F.?

M*B^

21-27. A section through the tubes and fins of a pop-
ular cooling unit.

(McQuay Inc.)

Solution: First, it is known that 1

square foot will handle 1 BtuperF.per
hour. This means that 1 square foot

will handle 6 Btu's per day based on 16

hours running time. The refrigerant
temperature is 22 F.; with the air

temperature passing over the coil at

42 F., the temperature difference is

20 F. If 1 F. temperature difference

will handle 16 Btu., 20 F. will handle

320 Btu (20x16), then multiply this

value by the number of sqaure feet,

and we have the total capacity of the

coil per area x time x temperature
difference. In this case Btu = 1 x 16 x 1

x 20 = 4,800 Btu per 24 hours.

It is claimed that the maximum
effective distance that the fin should

extend from the coil should not exceed

3 inches. See Fig. 21-27.

21-20. FROSTING COILS

A frosting coil is a coil which

frosts continuously when in use, operat-

ing at temperatures always below 32 F.;

the machine must be manually or auto-

matically shut down periodically to rid

the system of frost. These coils run at

extremely low temperatures to keep the

fixture cool, which results in an ac-

cumulation of frost and ice on them; as

this accumulation of frost grows thick-

er, it decreases the cooling efficiency

of the coil tremendously. These coils

are used in frozen food fixtures of all

types.

21-21. DEFROSTING COILS

Many coils run on what is called a

defrosting cycle, that is, when the

condensing unit is running, the tem-
perature of the cooling coil is such that

frost accumulates on it, but after the

compressor shuts off, the coil must

warm up above 32 F. before the con-

densing unit will start again. The frost

accumulation then melts off. This keeps

the fin surfaces clear and promotes a

more consistent and efficient heat

transfer ability of the coil. This is

done, however, at a sacrifice to tem-

perature differences between the coil

and the air in the cabinet and a greater

coil area is needed to compensate for

this. The basic calculations are the
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ammonia). The fins are usually secure-
ly bonded to the tubing; however, some
manufacturers construct the fin to fit

the tubing with a drive fit. Some
manufacturers dip the whole coil in a

tinning bath after assembling; others

use some mechanical device to attach

the fins firmly to the tubing. Some

21-29. Ah illustration showing mechanical means of

bonding cooling fins to tubing.

(Peerless of America)

expand the tubing with a mandrel or by

hydraulic pressure to expand it against

the fin. See Fig. 21-29. A method of

bonding tubing to off-center fins is

shown in Fig. 21-30. The fin spacings

vary between 1/2 and 1 1/2 inches.

This spacing is a means of varying the

capacity of the coil and is also used to

compensate for the depth of the coil.

The deeper the coil, the greater the

fin spacing to minimize air restriction.

Coils which have a 6 in. to 8 in. depth

may be usually found to have 1/2 in.

spacings and 10 in. and 12 in. depth

coils will have 1 in. spacings, whereas
the 18 in. or 20 in. coils will have the

11/2 in. spacings. Fin spacings of 1

in. or less are said to decrease air

turbulence. The tubing used in the coil

is usually 5/8 in. O.D., although 3/ 4 in.

O.D. tubing is used in the large coils.

Some companies use one continuous

piece of tubing for the complete coil;

others have all bends made separately.

The bends are silver brazed or brazed

to the straight lengths. Some companies
use internal devices inside the tubing to

swirl the refrigerant to improve heat

transfer to the boiling refrigerant. The

refrigerant . fittings to the coil are

usually 1/2 in. O.D. tubing soldered to

the 5/8 in. tubing and then flared with an

external nut mounted on it. Some manu-
facturers use a 1/2 in. male flare

fitting, brazed to the end fin, Fig. 21-31.

The corners of the fins should be

braced or reinforced using some
method to eliminate bending while the

coil is being installed. This often

consists of right angle strips either

clamped or soldered to the fins. Some
concerns fit a strip of metal into a slot

cut in the corner of each fin. One com-
pany uses fins of stamped fluted con-

struction which enables them to use a

coil of the same area as other coils in

a smaller overall space.

21-30. A method of mechanically bonding tubing to

off-center fins.

[Peerless of America)

21-24. COIL MOUNTING

The coils are mounted in the cabinet

either by suspending them from the

ceiling, by mounting them on pipe,

which is fastened to the vertical baffle

and the wall of the cabinet, or by

mounting them on stands fastened to the

horizontal baffle. The thermostatic ex-

pansion valve may be mounted to the

top of the coil, allowing the refrigerant

and oil to flow by gravity to the suction

line down to the compressor, or the

expansion valve may be connected to the

bottom of the coil making the refriger-

ant pass upward to come to the suction
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21-31. An illustration of construction of coupling de-

vices used in attaching refrigeration lines to cooling coils.

line. The argument for each of these

installations is that if the expansion

valve is fastened to the upper part of

the coil permitting a gravity flow, oil

binding will be negligible, but the fins

will be coldest at the top in contact with

the warm air. If the expansion valve is

fastened to the bottom of the coil, the

warmer tubing comes in contact with

the warmer air first. This theory is in

line with water-cooled condenser effic-

iencies, but the oil return difficulty

results in slugging and surging of the

refrigerant. Having the refrigerant

pass upward as it goes through the coil

tends to eliminate frosting down the

suction line in most cases. Both meth-

ods of installation have their advan-

tages, Fig. 21-32.

21-32. An illustration showing the two methods of

mounting a thermostatic expansion valve on cooling coils.

A. Bottom mounted; B. Top mounted.

21-25. FORCED CIRCULATION AIR-
COOLING COILS

A forced circulation coil is one

having an electric fan mounted in con-
junction with it in order to produce a

flow of air past the coil. Velocities of

44 feet per minute to 2,000 feet per

21-33. A forced convection air cooling coil.

(Bush Mfg. Co.)

minute are permissible with 1,000 feet

per minute being the average value. The

coils are finned and the spacing of the

fins varies between 3/16 in. and 5/16

in. Draining facilities for condensation

removal must be built into the unit,

Fig. 21-33. Sometimes motors are

provided with variable speeds, but it is

more economical to have a one-speed

fan. Because of the large amount of air

striking the coil per unit of time, the

capacity of the coil in Btu per square

foot per F. hour is increased re-

markably. The values naturally vary

with the air speed and the table. Fig.

21-34, gives an approximation of

these changes. So many variables enter

a calculation of this nature that no

special values can be given in this text;

the manufacturer's recommendations

should be followed. The table, however,

will give one a general idea as to the

capacity of these coils. For example,

one coil has a capacity of 4.6 Btu/sq.

ft./F./ hr. at 240 cu. ft. /nun. Because

the forced air puts more heat into the

coil surface, the fin area is less and

also the fins do not extend as far from

the primary surface.
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gallon and the specific heat load would

therefore be as follows:

Btu = specific heat x weight x tem-
perature difference, therefore,

Btu = l x 100 x 8.34 x 20.= 16,680

Btu per 100 gal. water.

The heat leakage for this particular

problem is determined by the external

area of the insulated parts of the sys-
tem. One to three inches of cork are

common thickness for water-cooling

insulations with ice water thickness

insulation being standard at 1 1/2 in.

The heat leakage is calculated identi-

cally with that of the heat leakage for

cabinets with the exception that this

insulation does not have wood on either

milk, solids, fat, sugar, gelatin, and
water and, after mixing, the product
is cooled to about 27 F. and frozen. It

is then cooled rapidly to anywhere
from -20 F. and is maintained between

to 5 F. if brick; or 5 to 12 F. if bulk;

until it is dispensed. The heat values of

the various ice creams vary, but the
average values are: The specific heat
of the mix before freezing is 0.80 and
the latent heat at 27 F. is about 90

Btu per pound. The specific heat of

the frozen ice cream is 0.45. The

weight of the original mix is about 9

pounds per gallon; but on freezing, it

expands and comes to a density of 5

pounds per gallon, if simply flavored

Gallons per Hour To Be Circulated per 100 Feet of Pipe to Hold Temperature
Rise Within 5° F. Add This Amount to Usage Fig. 21-36
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from becoming soft. Old cabinets used
*the low side float refrigerant control
and a brine tank exclusively, while at

present self-contained models use
either the high side float, the automatic
expansion valve, or the capillary tube.

Multiple systems use thermostatic ex-
pansion valves with the refrigerant

tubing soldered to the ice cream com-

R.P.M. Cooling Coil B.T.U./hr.
Temp.
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it may be converted from a gas to a

liquid again. It is now necessary to

determine how large a compressor is

needed to produce a certain amount of

refrigeration, and how large amotoris
needed to drive this compressor.

To understand how these values are

determined it is necessary to under-

stand the heat behavior of the refrig-

erant. The refrigerant cycle is simple.

The refrigerant is admitted into the
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21-39. A refrigerating system showing the approximate

temperatures of the refrigerant in the various parts

of the system.

cooling coil in the liquid state and at

near room temperatures. The vaporiz-

ing of some of it under the low pressure

in the coils cools the remainder of the

refrigerant to the desired refrigerating

temperatures, and then as the remain-

der of the refrigerant evaporates, it

removes heat from the cabinet. The
total amount of heat absorbed is the

LATENT HEAT of vaporization, while

the amount of heat absorbed from the

cabinet and coil is the EFFECTIVE
LATENT HEAT.

The refrigerant gas formed on ev-

aporation passes down the suction line;

as it does so it remains at almost the

same pressure but it usually warms up

somewhat (about 10 F.). The condition '

of a gas warming up after it has

vaporized is called superheating of the

gas. The degree of superheat is the

temperature difference between tem-
perature of the gas at the compressor
and its corresponding pressure.

The compressor then takes the

slightly superheated gas and converts

it into a high temperature, high pres-

sure gas; the temperature sometimes
becomes as high as 180 F. depending

upon the refrigerant and conditions. The
gas is still in the gaseous state, and

the increase in temperature means that

the gas is more superheated than ever.

This superheated gas passes to the

condenser and loses its heat to the air

or water and cools down to its vapor

pressure temperature. If the vapor

pressure temperature is above that of

the room, it starts losing some latent

heat of evaporation; the quantity of heat

it loses determines the amount of the

gas that will condense into a liquid.

After it has liquefied, the liquid cools
,

down to room temperatures; then it

goes on to the refrigerant control to

have its pressure reduced, to be cooled,

and to vaporize, thus repeating the

cycle. See Fig. 21-39.

21-32. PRESSURE—HEAT CHART

To study the behavior of this re-

frigerant more accurately, we will base

our discussions of it upon 1 pound of

the refrigerant regardless of its state.

The discussion will deal only with the

pure refrigerant, neglecting the effect

of lubricating oils and other influences.

The chart, Fig. 21-40, shows the be-

havior of one pound of refrigerant in a

refrigerating machine. The horizontal

scale shows the amount of heat present

in 1 pound of refrigerant at all times

and under all conditions; whereas the

vertical scale shows the pressure im-

posed upon it. This graph is commonly
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21-40. A pressure-heat diagram for Freon-12. The saturated liquid curve represents the heat in the liquid at the

various pressures before it will start vaporizing. The saturated vapor curve represents the division between the

super heated gas and where the gas starts condensing into a liquid.

(American Society of Refrigeration Engineers)

called a pressure-heat chart. Using

this chart as a basis for discussion,

one will note that as the refrigerant

vaporizes at a constant pressure it

passes horizontally from B to D. This

line indicates the vaporization of the

refrigerant from a liquid into a gas in

the cooling coil. The distance D to E
represents the heating of this gas into

a superheated condition as it passes

down the suction line. Note that only a

'few Btu's of heat have been added.

Point E is the condition the gas is in

when it is taken by the compressor and

compressed. Note how the pressure

increases rapidly and how a few Btu's

of heat are added to the gas. The gas is

now considerably superheated.

Point F represents the condition of

the gas as it leaves the exhaust valve

of the compressor. The distance be-

tween F and G is the cooling of this

superheated gas down to the point where

it starts to condense. The line G to A
represents the condensation of the re-

frigerant in the condenser from a gas

into a liquid. Point A represents the

amount of heat in the liquid and the

pressure imposed on the liquid as it

forms in the condenser. From A to H

is the loss of heat from the liquid as it

passes up the liquid line to the re-

frigerant control. Point H to C re-

presents the throttling of the liquid

upon passing through the refrigerant

control, and the cycle is ready to be

repeated for the one pound of re-

frigerant.

Note that the distance C to D does

not represent the total LATENT HEAT
of the liquid at the low side pressure

condition. This means that F-12 which

has a latent heat of 70 Btu per pound

at 5 F. will not remove all of that heat

from the cooling coil because some of

it (approximately 19 Btu) is used to

cool down the liquid refrigerant to the

5 F. temperature before it can vapor-

ize. The 51 Btu remaining is called the

EFFECTIVE LATENT HEAT or the

EFFECTIVE REFRIGERATING CAP-

ACITY.
This pressure-heat chart is an

important graph of the physical pro-

perty changes of a pound of a re-

frigerant as it passes around the re-

frigerant cycle.

A thorough knowledge of this chart

is very helpful to the technician and to

the service man.

21-33. PRESSURE—HEAT AREAS

The chart is divided into three main

areas. To the left of the saturated

liquid line all of the pound of refnger-
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ant is liquid. See Fig. 21-41. Between
the saturated liquid line and the satur-

ated gas line the one pound is a mixture
of liquid and gas. Close to the saturated

liquid line, the pound is almost all

liquid and close to the saturated gas

line the pound area is superheated gas.

21-34. CONSTANT VALUE LINES
OF PRESSURE—HEAT CHART

Many facts can be read from the

chart, Fig. 21-42. Along any vertical

line the heat in one pound of refrigerant

is the same or constant. (A) Any horiz-
ontal line has the same or constant
pressure, (B) The line along which the

temperature reading is the same is

almost vertical in the liquid area, is

horizontal in the liquid-gas area, and
slants down and to the right in the

superheated gas area (C). Refrigerant
quality means how much of the pound of

refrigerant is liquid and how much is

gas. Ten percent (10%) quality means
the pound is 10% gas and 90% liquid.

The line showing the quality at various
pressures is shown at (D).

21-35. LATENT HEAT

The value of the latent heat of the

refrigerant when vaporizing and when

A
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perature liquid before it can vaporize
and remove heat from the surrounding
substances. Part of the liquid vaporizes
in order to cool its own liquid to the

lower temperature. The gas formed
during this operation is called "flash

gas." The effective latent heat is an
average value because the low side

pressure varies somewhat during the

operation of the system, due to the oil

in the system, and because ideal con-

ditions cannot be maintained. For F- 12

the latent heat of vaporization at 5F.is

79 Btu per pound but its actual heat

absorbing ability is only approximately

51 Btu per pound.

21-36. SATURATED GAS

A saturated gas is a gas in such a

condition that if a little heat were
removed from it, some of the gas

would condense. An example of a sat-

urated gas is illustrated in a refriger-

ant cylinder half full of liquid re-

frigerant. The gas in this space is

saturated gas. This leads to another

definition that saturated gas is a sub-

stance in a gaseous form in the pre-

sence of some of its own liquid. When
the refrigerant vaporizes in the cooling

unit, it is a saturated gas at first; but

as this gas passes down the suction

line to the compressor, it usually be-

comes warmer by 5 F. to 15 F. This

additional heat and increase in tem-

perature is called superheating the

gas; that is, it is raising the gas above

a saturated condition for this pressure,

and the gas will now obey Charles' and

Boyle's Laws.

21-37. SUPERHEATED GAS

A superheated gas is gas in such a

condition that if some heat were re-

moved from it, the volume of the gas

would decrease, but there would be no

condensation. The gas that the com-

pressor handles is always superheated

unless a condition arises wherein liquid
refrigerant is admitted to the crank-
case. The low pressure superheated
gas, when .t enters the compressor, is

compressed; the energy, put into it by
the compressor, increases the tem-
perature and pressure on this gas
tremendously. The amount of superheat
is increased. This superheating of the
gas lowers the efficiency of a machine
and the less the superheating, the more
efficient the machine will be. The heat

BTU/LB—

21-43. A pressure heat diagram. A. Liquid boiling in

the cooling coil, the pressure and temperature are con-

stant, heat is being added to the refrigerant. B. The

compressor raises tne pressure to the condensing pres-

sure, the heat of compression is added and the temper-

ature rises. C. The condenser cools the hot gas to the

saturated gas line and then condenses it into liquid, the

pressure is constant and heat is removed. D. The re-

frigerant control reduces the pressure very quickly, the

temperature drops as some of the liquid refrigerant

"flashes" into gas.

added to the gas is the mechanical

energy of the compressor being con-

verted into heat energy; by knowing

how much heat has been added, one may

calculate the size of the motor neces-

sary to drive the compressor.

21-38. SPECIFIC HEAT

The specific heat of a substance is

the amount of heat necessary to raise

the temperature of 1 pound of that

substance 1 F.

Substances may exist in three dif-

ferent states (solid, liquid, and gas).

Every substance has three different

values for its specific heat, depending
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on whether it is a solid, a liquid, or a

gas. The specific heat of the gas may
be found subdivided into the specific

heat under a constant pressure, or the

specific heat under a constant volume.
The specific heat of a gas under
constant pressure is more than that of

BTU/i-B ——

21-44. A pressure heat diagram. The dotted line indi-

cates the pressure-heat change through the refrigeration

cycle.

BTU/LB

21-45. A pressure-heat diagram showing the effect of

insufficient refrigerant in the system.

the same gas under constant volume,
because when a gas is heated with a

constant pressure being maintained
upon it, the gas expands and does
external work. This external work
naturally necessitates an additional

quantity of heat.

When a compressor compresses 1

pound of the refrigerant gas, it does not

add heat to it under a constant pressure
or constant temperature condition. This
state of affairs in the compressor is

called adiabatic compression, mean-
ing that no heat has been removed from

the gas as it was compressed. Actually

a refrigeration compressor operates

almost adiabatically because the com-
pression takes place so rapidly.

The specific heat of liquid refrig-

erants varies considerably, depending

on the pressure imposed upon them.

The pressure to which the liquid re-

frigerant is subjected in the condenser,

after it has condensed, must be deter-

mined to calculate how much heat must
be removed from 1 pound of the liquid

to further cool it to room temperature.

After the refrigerant passes through

the throttling valve, it is subjected to a

new pressure which is lower. One must
now determine the specific heat of

liquid under this new pressure to find

out how much heat must be removed
from it to cool it down to the vapor-

izing temperature.

If the liquid refrigerant is cooled

before it is admitted through the re-

frigerant control valve, it will increase

the efficiency of the system, Fig. 21-44.

This device is incorporated in many
water coolers and it is the reason for

running the liquid and suction lines

together. They are sometimes soldered

together. These devices are called heat

exchangers.

BTU/LB —

-

21-46. A pressure-heat diagram showing the effect of

air in the system. A. Indicates the increase in head and

exhaust value temperature.

21-39. EFFECT OF LACK OF
REFRIGERANT

If the system is undercharged, the

one pound of refrigerant does not
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completely liquefy before it passes
^through the refrigerant control, (A)

Figure 21-45. The result is two fold.

First the effective latent heat is re-
duced by the amount indicated by the

"loss" and more gas has to pass
through the refrigerant control reduc-
ing its capacity and the extra quantity

of gas increases the wear on the re-
frigerant control.

21-40. EFFECT OF AIR
IN SYSTEM

Air in the system increases the

total head pressure. However, the re-

frigerant will condense at the tempera-
ture and pressure as if it were in the

condenser alone (Dalton's Law). The
total head pressure being higher, the

compressor has to pump the cylinder

gas to a higher temperature and pres-
sure, (1) Fig. 21-46. The additional

heat added to this is a "loss." Also
the cylinder head (especially the ex-

haust valve) and the top tube of the

condenser will be at above normal
condensing temperatures. These above

normal temperatures also tend to cause

the oil to deteriorate.

21-41. THE EFFECT OF HEAT
EXCHANGER

gas" which will increase the life of the
refrigerant control.

BTu/i-B —•"

21-47. A pressure-heat diagram showing the effect of

the use of a heat exchanger. A. Shows a slight amount

of decrease in intake pressure and temperature. B.

Shows the amount of heat gain. In addition to the heat

gain there is a reduction of flash-gas; this improves the

operation of the refrigerant control.

21-42. EXCESSIVE CONDENSING
PRESSURE

If the condenser is dirty (internally

or externally) or if the condenser is

undersize, the head pressure and tem-
perature will be above normal, Fig.

21-48. The higher temperature condi-

tions will cause the compressor to

pump to this higher pressure and tem-
perature and the extra heat of com-
pression added is a "loss" (A). And if

the liquid does not sub-cool to room
temperature an additional loss is en-

countered in a decrease in effective

The suction line gas as it leaves

the cooling coil, travels down the

suction line and into the compressor
usually warms up somewhat, (A) Fig.

21-47. Because the low pressure gas

picks up this heat in most cycles, it is

more efficient to remove the heat from

some part of the cycle. This heat

exhange is done by putting the suction

line gas in thermal contact with the

liquid refrigerant just before the liquid

goes into the refrigerant control.

This action removes the heat at (B)

and the result is a gain in effective

latent heat and a reduction in "flash

BTu/i-B -

2 I 48 A pressure-heat diagram showing the effect of a

dirty or undersize condenser or above avenge room

temperature. A. Indicates the loss due to the unneces-

a^ dded heat of compression. B. Indicates ,,

loss ,n

effective latent heat of the liqu.d. G Indites a Jos

due to the work done to compress the gas at the h.ghe,

pressure.
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latent heat and an increase in flash

gas (B).

21-43. COMPRESSOR CAPACITIES

As mentioned previously the com-
pressor is the heart of the machine; it

is the mechanism used to impart energy

to the refrigerant to enable continuous

refrigeration. The compressor is the

means whereby the mechanical energy

produced in the electric motor is con-

verted into heat energy in the re-

frigerating machine.

The most efficient construction pos-

sible is to have a compressor built

large enough just to handle the amount

of refrigeration necessary. If the com-
pressor is too large, energy is lost in

excess friction, starting energies, etc.

If the compressor is too small, it will

not produce the amount of refrigeration

required.

Basically, the compressor must

remove the gas sufficiently fast from

the cooling coil to enable the refriger-

ant to vaporize at low pressure. To do

this it must remove the refrigerant

vapor as fast as heat goes into the

cooling coil and vaporizes it.

The method of determining the com-
pressor size may be simply stated as

follows: A cooling coil is designed to

remove a certain amount of heat over a

16 hour running period; this amount
being dependent upon the factors de-

scribed in previous paragraphs. Let us

say that the effective heat removing

ability of the refrigerant is 50 Btu

per pound, meaning that as each pound

of refrigerant vaporizes in the cooling

coil it picks up exactly 50 Btu of heat

from the coil itself. To remove this

amount of heat from the coil, the com-
pressor must handle all the gas formed.

Refrigerant tables give us values called

specific volumes. These specific vol-

ume values mean that at that certain

pressure 1 pound of the refrigerant

vaporizing will form a certain number

of cubic feet of gas. For example, if

1 pound of F-12 vaporizing at 9.17 psi '

pressure and F. forms 1.637 cubic

feet of gas in 10 minutes, the com-
pressor, in order to remove the same
amount of heat from the cooling coil

during the period that the cooling coil

removes its heat from the cabinet,

must remove the 1.637 cubic feet of gas

in 10 minutes.
How large a compressor is needed to

do this depends upon the following

compressor factors: the volume pump-
ed per stroke of the piston, which is

dependent upon the bore, stroke, num-
ber of cylinders, the speed of the com-
pressor in revolutions per minute, and

the volumetric efficiency.

As the crankshaft of the compressor
completes one revolution, the piston

reaches the lower dead center of its

travel, and the low pressure gas fills

up the space between the top of the

piston and the head of the cylinder.

As the crankshaft completes its revolu-

tion, the piston compresses this gas

and pushes it through the exhaust

valve into the high pressure side of the

system. The volume handled in each

case is the volume displaced by the

piston as it moves from upper dead

center to lower dead center. This

volume may be calculated by the follow-

ing formula.

V- 77xD2 xSxNxR
4

V ~ Volume in cu. in.

S = length of stroke in in.

D = Diameter of cylinder

N = Number of cylinders

R =R.P.M.
This formula simply calculates the

area of the piston head (7TD2
)
and then

4

multiplies it by the length of the stroke

producing the displacement volume in

cubic inches. Now, if this is multiplied

by the number of cylinders used, and

the revolutions per minute of the com-

pressor, the total volume in cubic
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inches pumped per minute will be

obtained.

Example: How much gas will a 2

cylinder compressor pump if it has a 2

inch bore, a 2 inch stroke and operates
at 400 R.P.M. Using the above formula:

V: 7Tx D 2 x 2 x 2 x R
4

- 3.1416x4x4x400 = 3.1416x4x
4

400 = 3.1416 x 1600 =: 5026.56 cu.

in./min.

= 3.1416 x 2 x 400

= 3.1416 x 800

in cu. ft., the volume is (1728

cu. in. - 1 cu. ft.)

V = 5026.56 -2.95

1728

= 2.95 cu. ft./min.

Illustration problem:

Calculate the bore and stroke of a

single cylinder compressor which, op-

erating at 300 R.P.M., will compress

the refrigerant gas formed by vapor-

izing 1 pound of sulphur dioxide at

: pressure (5.2 cubic feet) in 10

minutes.

Solution:

V-5.2 cu. ft.=5.2 x 1728 cu. in. percu. ft.

- 8985.6 cu. in.

10

Volume pumped per min. - 8985.6 -

10

898.56 cu. in.

Using the formula

V - D 2 x S x N x R -898.56 cu. in.

4

Compressors are usually designed

with a bore equal to the stroke. So in

formula becomes:
V-7TD3 x N x R -898.56 cu. in.

4

D 3
r 898.56 x 4 - 3.81 cu. in.

300 x 1 x 7T

: D =S - 1.56 in. approximately.

However, this value obtained is the

theoretical amount of gas pumped by

'.he compressor. Actually, the amount

La much less and the actual amount

depends upon the volumetric efficiency
of the compressor. See next paragraph.

21-44. VOLUMETRIC EFFICIENCY

If a refrigerating unit is maintaining
a 90 psi head pressure and a psi low
side pressure, the following things are
evident: When the piston is on its up-
ward stroke, it compresses this gas

until the pressure of the gas in the

cylinder reaches 90 psi. When this

pressure is reached, the gas should

start passing through the exhaust valve

into the condenser. However, in addition

to reaching this high side pressure, it

must overcome the exhaust valve spring

tension or weight. This means an

additional very slight increase in pres-

sure.

Further, after the piston reaches

upper dead center, there is still a

little volume of the gas between it and

the exhaust valve. This space is neces-

sary because if no clearance were

left between the two, when the piston

came up it would pound against the

cylinder head. This little volume of gas

is under a high pressure of 90 pounds

per square inch or more, and as the

compressor piston goes down to re-

ceive a new charge of gas, this high

pressure gas expands and partially

fills the cylinder chamber. This residue

gas decreases the amount of gas that

may come into this chamber from the

low pressure side of the system. This

necessary space is called clearance

volume. This volume varies between

4% and 9% of the piston displacement.

Also at speeds of 300 revolutions

per minute or more, the piston is

traveling so fast that the inertia or the

inability of the gas to move fast enough

prevents it from filling the cylinder

chamber completely and losses arc en-

countered in this manner. The difficulty

gas encounters going through small

openings, etc., is called wire drawing.

547



MODERN REFRIGERATION, AIR CONDITIONING

The pressure in the cylinder never gets

as high as the pressure in the suction

line. One can see from this that the

higher the speed of the compressor,

the less gas will be pumped per stroke.

Just as the exhaust valve offers a

restriction to the gas flow, so does the

intake valve with its tension and the

weight of the valve parts.

The compressor runs at a relative-

ly warm temperature and some of this

heat warms the gas as it enters the

cylinder, causing an expansion which

also interferes with a complete load of

gas entering the cylinder.

Other losses, such as the leaking of

the gas past the piston and rings into

the crankcase, etc., also explains why

compressors cannot pump the amount of

gas as calculated by using the bore and

stroke formula.

The term, VOLUMETRIC EFFIC-
IENCY, IS DEFINED AS THE RATIO
BETWEEN THE VOLUME ACTUALLY
PUMPED PER REVOLUTION DIVIDED
BY THE VOLUME CALCULATED
FROM THE BORE AND STROKE AND
R.P.M.

For small compressors used in

domestic refrigeration, having bores

and strokes of 1 1/2-in. or there-

abouts, the volumetric efficiency varies

from between 40 per cent and 7 5 per

cent with 60 per cent being a fair

medium value. The larger commercial
compressors depending upon their size

and speed have volumetric efficiencies

between 50 per cent and 80 per cent

with 70 per cent being a fair value. The

60 per cent to 65 per cent volumetric

efficiency should be used if the unit is

air-cooled.

If the compressor explained in

Paragraph 21-43 has a volumetric
efficiency of 60 per cent the size of the

compressor would be increased as

follows:

As calculated in Paragraph 21-43

D 3 =3.81

D 3 corrected - 3.81 -6.35 cu. in.

.60

D corrected = 1.85 in.

or a bore and stroke of

1 7/8 in. x 1 7/8 in. would be required.

Note that the correction for volumetric

efficiency was made on the displace-

ment volume of the cylinder and not on

the calculated bore and stroke.

The volumetric efficiency of a com-
pressor is very dependent upon the

relative difference between the low side

pressure and the high side pressure of

the machine. For instance, in a F-12
machine when being used for domestic

purposes, the compressor will be more
efficient than if it were converted over

into an ice cream system, because the

decrease in low side pressure from 13

psi down to psi with the same head

pressure, reduces the actual pumping
capacity of the compressor tremend-
ously. The low pressure gas is expand-

ed so that when the cylinder is filled

at the low side pressure, only a very

small amount, by weight, is represent-

ed. It may be judged from the various

items affecting efficiency that increas-

ing the head pressure, increasing the

speed using thicker gaskets, and over-
heating the compressor will all reduce,

the compressor pumping ability.

21-45. MOTOR SIZES

The size of an electric motor neces-

sary to drive a compressor in a re-

frigerating machine may be calculated

on two basically different plans. (1)

The horsepower of the motor may be

calculated by determining the H.P. put

into the compressor. This H.P. is

based upon the speed of the compressor
and the mean effective pressure (M.E.

P.) of the gas in the compressor. (2)

The size of the motor may be deter-

mined by using the amount of heat

added to the gas in the compressor as

the energy taken out of the motor.
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21-46. MOTOR SIZES (MEAN
EFFECTIVE PRESSURE
METHOD)

The M.E.P. of the gas is the med-
ium pressure bearing 4own'upon the
piston head, and it is the pressure to be
overcome by the electric motor when
driving the compressor. The M.E.P. is

determined by a formula which uses as
the basic variables the low side pres-
sure, the high side pressure, and the
ratio of the specific heat of constant
pressure to the specific heat of con-

C
P

stant volume „^ for the kind of refrig-
v

erant. This formula is as follows:

KM.E.P. = Pl x
E (pf->K-l

P^ = suction pressure, psia

P2 = condenser pressure, psia

K _S (1.20 for methyl chloride)
See Chapter 8.

This value when multiplied by the

area of the piston, by the length of the

stroke, and by the R.P.M. will give the

foot-pounds per minute needed to drive

the compressor.
Ft.-lb.permin. - M.E.P. X7TD 2 x S x N

4

x R
Convert the foot-pound per min.

into H.P. by dividing by 33,000.

ft. # / min
H.P. =

33,000

The M.E.P. maybe determined from
the above or may be determined by

obtaining the indicator card of the com-
pressor being studied. Engineers hand-

books set forth the methods of using

and obtaining indicator cards.

For example: If the indicator card

shows a M.E.P. of 30 pounds per

square inch the indicated H.P. neces-
sary to drive a 1 cylinder compressor
with a 2-inch bore and a 2-inch stroke

and running at 200 R.P.M. would be as

follows:

H p = 30 x 2 x 200 x 7T x 2
2

12 x 33000 x 4

__rx8x7T lOx 7T_ 31.416_ .0952
3700x4 330 330 "

or 1/10 H.P.

This is the theoretical H.P. and neg-
lects friction, oil pumping, starting
load, drive losses, etc. Up to a 1 ton
machine one should double this H.P.,
i.e., 1/4 H.P. calculated will need a
1/2 H.P. motor. Up to 5 tons this ratio

gradually tapers off to adding 30 per
cent at 5 tons capacity to take into

consideration the above losses. The
reason for the decrease is that some of

the losses remain constant, while

others do not increase as rapidly in

proportion to the increase inthesizeof
the unit.

21-47. MOTOR SIZE (HEAT INPUT
METHOD)

From the pressure heat charts, one

can readily determine the amount of

heat (Btu) added to a gas when com-
pressed by the compressor. Referring

to the F-12 pressure heat chart (Fig.

21-31), one will notice that approxi-

mately 10 Btu are added to the 1 pound

of gas if the low side pressure is 1081

psi and the high side pressure is 93.2

psi gauge.

It is known that 2545.7 Btu per hour

is equal to 1 H.P. and is also equal to

746 watts.

For example:

Calculate the H.P. required to drive

the above compressor.

10.0 Btu are added per pound.

Suppose 1 pound of refrigerant is

compressed in 2 minutes.

- 10-0 v fin —The Btu rate per hour =
^

xbl) -

300 Btu per hour.

The H.P. required (Btu method) =

300 __
"23TB"- 117

H.P. = 1/9 H.P.
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This is the mechanical equivalent of the

heat energy put into the gas; if the

compressor friction were and the belt

drive were 100 per cent efficient, this

would be the size of the motor necessary

to drive the compressor. However, one

must add about 50 per cent to this

value to allow for compressor friction

and belt efficiency. This would require

about 1/6 H.P.

21-48. MOTOR DRIVES

Three means have been used for

connecting the electric motor to the

refrigerating compressor. In their or-

der of popularity, these are: the belt

drive, the direct drive, and the gear

drive. The belt drive may be further

subdivided into a single V-belt, single

flat belt, and multiple V-belt. The
multiple V-belt is the most popular

drive at the present time, and from
two to ten belts are used as the driving

medium with two to four belts being the

most prevalent. This method of drive,

when correctly adjusted, is between 95

per cent and 97 per cent efficient.

This type of drive will maintain its

efficiency over a greater range of belt

tautness than any other drive; because
of this and because the belt will not

jump, it is the most generally used.

Direct drives are universal in her-
metic units regardless of their size and

have been used frequently in small con-
ventional units. The drive is very
efficient, but such factors as the dif-

ficulty of alignment, the excess torque

load due to seal pressure, and because
of the drop in volumetric efficiency of

the compressor at the higher motor
speeds, most companies prefer the

slower belt-driven unit. Several manu-
facturers are now producing directly

driven compressors and have very
successfully overcome many of its

natural drawbacks. A gear-driven com-
pressor is a very positive means of

drive, eliminating such troubles as belt

slippage and wear, but the increase in

cost due to gear lubrication and casing,

and the matter of gear noises have

almost completely eliminated this type

of machine from the refrigerating mar-
ket. On farms and other places, where

electricity is not available, commer-
cial units are typically driven by means
of a gasoline engine. This gasoline

engine drive is usually connected by

means of V-belts to the compressor,

but they are also being directly con-

nected.

21-49. MOTOR EFFICIENCY

Theoretically, an electTic motor
should produce 1 H.P. of mechanical

energy for every 746 watts of electrical

energy put into it; that is, a 1 H.P.

electric motor on a 110 volt circuit

should only consume 6.8 amperes. This

situation, however, is not encountered

because of bearing friction, magnetic

eddies, magnetic air gaps, and power
factor. The efficiency of the motor is

the mechanical energy delivered at the

motor shaft divided by the power input

to the motor. For small domestic

motors of approximately 1/6 H.P., the

efficiency of the motor is only 40 per

cent to 60 per cent, and for 1 H.P. to 2

H.P. the motor efficiency increases to

from 7 5 per cent to 80 per cent. As
the size of the motor increases, the

efficiency increases; this is due to the

fact that friction losses and air gap

losses remain practically constant re-

gardless of the size of the motor.

Motors with an efficiency of 95 per

cent to 98 per cent are common in the

large sizes.

21-50. MOTOR OVERLOADS

In the conventional system in addi-

tion to maintaining compressor speed

against certain resisting factors, the

motor must take the compressor from

an idle position and bring it up to its
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rated speed. The energy necessary for

v this is greater than that necessary to

maintain the compressor at this speed.

This load is called the starting load,

and is anywhere from 50 per cent to

100 per cent larger than the load

imposed upon the motor when running.

This load is due to the acceleration

force imposed by the moving parts of

the compressor which is termed
inertia; that is, all bodies resist a

tendency to change their speed of

motion, and this resistance depends

upon the mass and the rapidity of this

change of speed. A motor which con-

sumes 4 amperes when running norm-
ally will consume as much as 7 and 8

amperes when starting. In other words,

a 1/3 H.P. motor when starting up

sometimes will develop as much as

2/3 of a H.P. in order to overcome
the compressor inertia and bring the

compressor to its speed. This is a 100

per cent overload and must not be

carried for any length of time.

21-51. CONDENSER CAPACITIES

The calculation of the capacity of a

condenser is similar in many ways to

the problem of computing the capacity

of a cooling coil. The condenser must

dissipate the heat from the gas fast

enough so that just as much gas con-

denses in the condenser as is being

pumped into the condenser by the com-
pressor in a given unit of time. When
this condition is reached the head pres-

sure will build up until the temperature

rises to the point where the heat

dissipated will equal the heat put into

the condenser. The problem of com-
puting the capacity of the condenser

varies according to the type of con-

denser being used. Condensers may be

divided under the following headings:

1. Air cooled:

(a) Plain tubing

(b) Finned tubing

(1) Natural convection

(2) Forced convection
2. Water cooled:

(a) Liquid receiver type
(b) Tube-within-a-tube type

(Tube and shell type)

21-52. AIR COOLED CONDENSER
CAPACITIES

The capacity of an air-cooled con-
denser may be calculated from one of

two basic values. Some prefer using the

total external area of the condenser to

compute its heat dissipating ability,

while others base computations upon
what is called the frontal area of the

condenser. Using the total external

area of the condenser, the capacity of

the condenser for dissipating heat de-

pends upon the following variables:

(1) external area, (2) temperature dif-

ference, (3) time, (4) air velocity.

Using these values the capacity of

an air-cooled condenser varies between

1 Btu per square foot per F. per hour

and 4 Btu per square foot per degree

temperature difference. The effect of

air velocity is to increase the con-

denser's capacity with an increase in

air speed. The fans used to do this

work are generally mounted on the

motor shaft, and drive the air through

the condenser at speeds between 400 to

1,000 feet per minute. When a fan of

400 feet per minute is used, the 2.5

Btu per square foot per F. per hour

value will be found satisfactory, and

this value will increase up to approxi-

mately 4 Btu with a 1,000 feet per

minute air velocity. The calculation of

the area of a condenser is identical to

that for a finned coil (Paragraph 21-

19). A single tube condenser has a

total area of approximately 20 times

its frontal area. For example: If a con-

denser has 10 square feet of surface

with an air velocity of 400 feet per

minute, what must be the refrigerant

temperature to dissipate 5,000 Btu per

hour if the room temperature is 7 5 I- '.

?
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10 x 2.5 x temperature diff. =5,000
25 x temperature diff. = 5,000

Temperature diff. = 200 F.

Refrigerant temperature = 200 + 75 =
275 F.
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21-49. Types of heat exchangers using liquids (water)

as one of the liquids. A. Tube within a tube; B. Shell and
tube; C. Tank; D. Baudelot R = Refrigerant; W =

Water.

The same problem using a 50 square
foot condenser.

50 x 2.5 x temperature diff. = 5,000

125 x temperature diff . = 5,000

Temperature diff. = 40 F.

Therefore, the refrigerant temperature
= 115 F.

The same problem using a 75 sq. ft.

condenser.

75 x 2.5 x temperature diff . =5,000
Temperature diff. = 5,000

187.5

Temperature diff.=2 6. 7 F.

Therefore, the refrigerant temperature
= 101.7 F.

The heat to be removed by the con-

denser for each pound of gas is the

heat content of the gas, when it leaves

the compressor, minus the heat of the

liquid at the condensing pressure.

Example:
In the illustration (Fig. 21-40), the

gas has a heat content of 90Btuwhen it

leaves the condenser, and the heat to be

removed by the condenser is this value

minus 28 Btu, the heat of the liquid at

86 F. (temperature at condensing pres-

sure).

90-28=62 Btu per pound of refrigerant

condensed.

From an understanding of the re-

frigeration cycle, one may realize that

if a condenser is under capacity, the

compressor head pressure will rise in

proportion in order to dissipate the

required amount of heat; therefore one

may put condensers of various sizes on

the same compressor. If too small a

condenser is used, a decrease in com-
pressor efficiency, an increase in

motor load, and a decrease in the life

of the unit will result. The examples
above illustrate this principle.

When the capacity of the condenser

is based upon frontal area, it is claim-

ed that the air being blown through the

condenser is removing heat only from
that surface which it strikes directly,

and that the turbulent flow against the

rear surfaces makes the heat removal

from these surfaces negligible. The

capacity per square foot of frontal

area naturally is greater than the value

stated above, and is between 6 to 10

Btu per square foot per F. per hour,

depending upon the air speed. For air-

cooling the dry bulb temperature of the

room should be used.

Natural convection (static) conden-
sers are becoming popular in the

domestic refrigeration field. Several

manufacturers are producing units

which utilize a motor and compressor
design inside a steel dome. This neces-

sitates a separate motor to force air
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through the condenser. To eliminate

this motor, some companies are build-

ing large natural convection condensers
mounted on the back of the cabinet.

The size of these condensers is suffic-

ient to permit cooling without the need

of forced draft. The heat removing
ability of these is approximately 1 Btu

per square foot per F. per hour.

21-53. WATER COOLED
CONDENSER CAPACITIES

The capacity of a water-cooled

condenser is very high due to better

heat contact between the cooling med-
ium and the refrigerant for either the

liquid receiver type or tube=within-a-

tube type. The capacity will vary some
with the type of water-cooled condenser

used, Fig. 21-49.

The heat transfer varies directly as

the amount of water passed through the

condenser. If the flow is fast more heat

will be removed, and if the water flow

is slow the heat removal will be less.

At 50 feet per minute water will re-

move about 185 Btu/sq. ft./hr./F. At

200 feet per minute, the water will

remove about 330 Btu/sq. ft./hr./F.

The heat removing capacity of these

varies between 30 and 50 Btu per square

foot per F. per hour in the smaller

machines. For machines of a ton cap-

acity or more, this value may be in-

creased up to 90 Btu per square foot

per F. per hour.

In addition to this heat removal,

one must also calculate the air-cooling

surface of the condenser, such as the

external area of the shell, or the ex-

ternal area of the refrigerant tubing in

the tube-within-a-tube type, to reach

the correct capacity. In water-cooled

systems, velocity of the water must be

taken into consideration because with an

increase of water flow or velocity,

efficiency is increased. The method of

determining the temperature difference

between the cooling medium and the

refrigerant is to use, as the refrigerant
temperature, the saturation tempera-
ture of the refrigerant according to the
head pressure obtained. Water tem-
peratures should be taken as the aver-
age between the water-in and water-out
temperature. For example:

A shell type water-cooled conden-
ser has to remove 5,000 Btu per hour.
How much tubing 3/8 O.D. must be put

into the receiver to remove this heat if

the water supply is 70 F. ? The outlet

water is 80 F. How many gallons of

water per hour must be circulated?

Consider the refrigerant temperature
at 100 F. Assume the heat removing
capacity of the condenser to be 40 Btu

per square foot per F. per hour.

Tube area =

Condenser capacity = area (sq. ft.) x

temp. diff. F. x Btu rate xtime.
7T3/8

5,000 = -j%%—

—

x 25 x 40 x 1

5,000 - 7T3/B x lenpth (in.)
Qr

25 x 40 144

5000 x 144 _ 7-o/q v i ori „+u
25x40 = ?r3/8 X length

5000 x 144 _ 720
or length _ 2b x 4Ux 773/8 ~ WYfl

720

3.1416x .375

1920 =611 in.

3.1416

- 51 ft. approximately

The amount of water circulated -

sq. ft. x wt. x temperature difference -

Btu

1 x wt. x 10- 5000

wt. - 500 lbs./hr.

1 gal. of water weighs 8 1/3 lbs.

500 — 60 gal. of water per hr.
8 1/3 " 6

21-54. REFRIGERANT LINES

The liquid and suction lines on

refrigerating machines must be of

sufficient size to handle the amount of

the liquid or the gas required. The

method of calculating the < an.i. Itiefl of
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these lines is to determine the maxi-
mum velocity allowed in the line and
then, knowing the amount of gas or

liquid to be handled, the internal cross -

section of the line may be easily cal-

culated.

21-55. REFRIGERANT LINE
CAPACITIES (LIQUID)

The velocities in the liquid line of a

unit varies with the density of the

liquid and with its viscosity. These

velocities may vary between 50 to 200

feet per minute, depending upon the

refrigerant used. For instance: Freon
-12 should have velocities no greater

than 100 feet per minute while methyl

chloride may have velocities as high as

200 feet per minute.

For example: If 7 5 cubic inches of

liquid were used a minute, the internal

cross-sectioned area of the liquid line

to keep the liquid line velocity at 100

feet per minute or below would be:

75

100 x 12 ~
Cross-section area — .063 sq. in.

The inside dia. =^ 063 x 4 = ' 285 in '

7T

Use a 3/8-inch O.D. tubing. It is

very important that these refrigerant
carrying lines be of sufficient capacity;

the cost of increasing the tubing size is

so small in comparison to the total cost

of the machine, that there is no real

necessity for calculating the size of

these tubings to too close limits. At

least a 50 per cent oversize of the tube

is therefore recommended.
If the liquid line is too small or if

there are too many restrictions in the

liquid line, the pressure drop may be
enough to reduce the capacity of the

refrigerant control below the capacity

of the cooling coil. Extremes of this

condition are revealed by sweating or
frosting liquid lines when excessive
pressure drops occur due to partially

clogged dryers, strainers, or pinched

lines.

The pressure drop in liquid lines

that carry Freon -12 is shown in Fig.

21-50. Note that if one tried to use a

1/4 O.D. liquid line for a 12,000 Btu/hr.

or 1 ton load, that the pressure drop
would be .42 psi per foot. A 100 foot

equivalent length liquid line would then

have a total pressure drop of 42 psi.

Load Btu/hr.



COMMERCIAL CALCULATIONS, HEAT LOADS

of straight tubing of the same size.

vThe friction in bends, fittings, and the
normal friction of fluid flow through the

Normal
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involves two additional problems in the

understanding of the pressure drop

within the line. One additional com-
plication is due to the necessity of

returning oil to the compressor by

means of the suction line. Also, when

two or more coils are connected to one

compressor, the resistances to flow in

the different lines may cause the pres-

sure on the surface of the refrigerant

in the various coils to vary as much as

2 to 3 pounds per square inch. The

friction in a 1/2-inch O.D. suction line

is approximately .2 5-inch mercury (Hg)

per 10 feet of length with a gas velocity

of 1,000 feet per minute. This results

in a problem of balancing cooling units.

The amount of pressure drop becomes
greater as the length of the suction line

increases, as the cross-sectional area

of the tubing decreases, or is in pro-

portion to the number of bends and

fittings in the suction line, Fig. 21-54.

The correct size of liquid and suc-

tion lines is very important in re-

frigerating units. An excessive pres-

sure drop in a suction line is similar

to operating the compressor at a lower

pressure thereby reducing its capacity.

For example, a pressure drop of 2

psi. at low temperatures -15 F. is the

same as trying to operate at -20 F. and

the condensing unit capacity is lowered

approximately 12 per cent. The oil

return should be taken care of by slant-

ing the suction line consistently down-
ward from the cooling coil to the com-
pressor to permit the oil to drain

naturally into the compressor. If a low

spot is constructed into the suction line,

the oil will accumulate here and de-

crease the cross-sectional area of the

tubing, causing an orifice action which
also decreases the efficiency of the gas
flow, Fig. 21-55. Furthermore, when
this low spot eventually becomes filled

with oil, the pressure difference builds

up and the oil is slugged into the

compressor. This slugging of the oil in

21-55. Illustrating the restricting of gas flow due to oil

collecting in a low spot in a suction line. A. Suction line;

B. Refrigerant Gas; C. Oil.

the crankcase of the compressor ac-

celerates oil pumping momentarily.
Fig. 21-56 shows the capacity of

various sized suction lines using Freon
-12 refrigerant. Note that a 1 in.

nominal or 1 1/8 in. O.D. suction line

can carry from 1/2 ton to 3 tons of

capacity depending on the pressure

drop. However, the best choice would

probably be between .02 and .03 psi.

pressure drop and this pipe should be

used for 2 to 2| ton units. If the suction

temperatures are lower or higher than

20 F., the pressure drops must be

corrected because the denser gas has

lower velocities and vice versa, Fig.

21-57.

One usually knows the capacity of

the installation in Btu/ hour or in tons of

refrigeration. He can then estimate

the correct suction line size by first

getting an approximate size from Fig.

For Each
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2. What is the Btu equivalent of a

H.P.?

3. What is sensible heat?

4. What is latent heat?

5. What is specific heat?

6. Why is it important when cal-

culating the heat load of a cab-

inet to know what the cabinet

is used for?

7. Why is the heat leakage into a

cabinet based upon the external

area?

8. What is the purpose of a baffle?

9. Why must a horizontal baffle be

insulated?

10. What materials were used for

the interior walls of the older

cabinets?

11. What is the purpose of the ice

hold-over in the sweet water

bath?

12. Why must a pressure type water

cooler never be allowed to ac-

cumulate too much ice?

13. What is the specific heat of ice

cream?
14. At what temperatures should

brick ice cream be maintained?

15. How many pounds of walnut ice

cream are there in a gallon?

16. What is meant by the superheat-
ing of the gas in the suction line?

17. What is the "effective latent

heat" of a refrigerant? Whyisit
different from latent heat?

18. What causes the superheating of

gas as it passes through the

compressor?
19. Why may one use the Btu added

to the gas as it goes through the

compressor to calculate the size

of the motor to drive the unit?

20. What is meant by volumetric

efficiency, and what variables

influence it?

21. What factors must be considered

when determining the type of

compressor drive?

22. What is meant by motor effic-

iency and what are the usual

efficiencies?

23. Explain how heat travels from

one carrying medium to the next,

starting with the refrigerated

cabinet and continuing to the suc-

tion line gas, describing the ease

of transfer from one medium to

the other.

21-59. CONDENSING UNIT
CAPACITIES

The table, Fig. 21-58 lists the aver-

age hourly capacity of various sizes of

condensing units. This clearly shows

the increase in capacity of a condensing

unit as the low side pressure increases

providing the head pressure remains

fairly constant.



Chapter 22

AIR CONDITIONING

PRINCIPLES

People are continually endeavoring

to improve their surroundings in order
to increase the comfort of living.

Among the more recent improvements
we must consider air-conditioning as

very important, for it deals with means
of making the atmosphere in which we
live and work more healthful and com-
fortable.

22-1. HISTORY

Man has always attempted to control

the air in which he lives. In the north-

ern and southern zones, heat is neces-

sary to survive the winters, and man's

finding of fire and his use of it to heat

caves dates back beyond recorded his-

tory. In the tropic zones, man soon

learned many ways to combat heat and

high moisture conditions.

Heating was first done with an open

fire, resulting in a smoky condition.

The fireplace was a considerable im-

provement, and it enabled men to con-

trol the air flow through the fuel. The

Franklin stove invented by Benjamin

Franklin in 1760 was a tremendous

step forward. Stoves were gradually

improved until finally the furnace or one

heat source for a multi-room building

was built. All these heating systems

required the burning of some fuel

(coal, oil, or gas). We now have two

heat sources that do not require flames.

One is electric resistance or panel

heating, and the other is the heat

pump where the source of energy is an

electric motor.

Comfort cooling has been accom-
plished with varying success for cen-

turies: insulating the body with loose

clothing to permit air circulation, the

use of white clothing to reflect heat,

the use of shade devices to reduce the

heat from sun effect, all date back

beyond recorded times. Cooling and

removing moisture from the air, and

removing dirt from the air date back

approximately 50 years.

The science of air conditioning

started when industry demanded better

atmospheric control in factories that

produced materials which were affected

by temperature changes and moisture

changes.

Dr. Willis H. Carrier (1876-1950)

designed and installed a scientifically

correct air conditioning system in a

paper plant in 1902. By 1905 Dr.

Carrier had perfected the spray type

air conditioner for humidity control.

He is credited with developing the

differential thermostat and differential

hygroscope. In 1911, Dr. Carrier pub-

lished his Psychrometric Properties of

Air Equations, and in 1919 he produced

his Psychrometric Chart which is still

the authority on air conditioning. The

growth of air conditioning has been

steady. Since the end of World War II

comfort cooling has increased at
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DRY AIR AVERAGE AIR

Name

Nitrogen
Oxygen
Carbon dioxide
Hydrogen
Water
Dust
Rare Gases

•^Variable

Chemical
Symbol

N
2

°2
C02
H2
H2

Amount by Amount by Amount by Amount by
Weight % Volume--% Weight % Volume %

75.47
23.19

.04

.00

1.30

78.03
20.99

.03

.01

.94

X*
X*
X*

22-1. Table showing the amount of the various gases

and substances that make up normal air.

phenomenal rate. At present, over
1,000,000 air conditioning units are
sold each year.

22-2. DEFINITION OF AIR
CONDITIONING

The important factors involved in a
complete air conditioning installation

include:

1. Temperature control

2. Humidity control

3. Air movement and circulation

4. Air filtering, cleaning and puri-

fication

Complete air-conditioning provides au-
tomatic control of the above factors for

all outdoor weather conditions for both
summer and winter. Recently, cooling

means have been developed for summer
use in making residences, factories,

railway coaches, theaters, office build-

ings, hospitals, and other structures
more comfortable in the summertime.

In addition to the comfort phases of

air-conditioning, certain industries

have found that air-conditioning of their

plants makes possible more complete
control of manufacturing processes and
therefore controls their finished pro-
duct. Such industries include: printing,

textile making, particularly artificial

silk manufacturing, milling and baking,

furniture, drug manufacturing and many
others.

The first step in the direction of

air-conditioning was in the development
of the central heating plant. The second

step was the development of automatic

controls for regulating the heating

plant. The final step was the develop-

ment of automatic refrigeration devices

which could be employed for summer
cooling and dehymidifying the air.

A furnace only heats the air, a fan

only moves the air, a cooling coil

only cools the air, etc. The complete

system must heat or cool the air,

increase or decrease the humidity,

control that air movement, and clean

the air. All these functions are pre-

ferably done automatically.

22-3. AIR

Because conditioning deals with air,

it is important that the structure and

the properties of air be thoroughly

understood.

The atmosphere surrounding the

earth is reported to be about 400 miles

thick. The atmosphere is divided into

several layers. The ionosphere is the

extreme outer portions of the air. The

stratosphere is the layer between

50,000 ft. (10 miles) and up to 200

miles. The air we are most interested

in is the layer between sea level and

50,000 ft.

The air in this space consists of a
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mechanical mixture of gases. Each of

«r these gases behaves as though it oc-
cupied the space alone (Dalton's Law).
The mixture is composed of a mixture
of gases listed in Fig. 22 - 1

.

.

Because Oxygen (02 ) is a heavier
gas, it has a higher percentage by
weight than by volume. Hydrogen (H2)

is a very light gas, and it therefore

does not show in the weight percentage
but is shown in the volume column.

The water and the dust (all foreign

bodies) are so variable in the air that

they cannot be given any definite value

in a table. However, these two sub-
stances in the air are of considerable

importance in air conditioning.

Water exists in air under all con-

ditions of temperature. It is in the gas

form (vapor). It is present in the air

even at temperatures below freezing,

because it behaves as though it occup-

ied the space alone, and therefore it is

operating under extremely low pres-

sures. For example, at .013 in Hg
(very close to a perfect vacuum) steam
can be made at -20 F., at 50 F. the

pressure is .3624 in. Hg, and at 100 F.

the pressure is 1.9 in. Hg. The amount

of water (steam or vapor) in air is

relatively small. For example, air at

72 F. and one half saturated with water

vapor has 58 grains of water for each

pound of dry air. As it takes 7000

grains to equal one pound, one can see

that the water vapor accounts for

approximately less than one per cent of

the air. Also, dry air at 72 F. has a

volume of about 13.34 cu. ft. per lb.

which, if this same air is saturated

(filled) to its maximum weight of water

vapor, the volume will increase to 13.8

cu. ft. per lb. In a 50 per cent saturated

case the volume will be 13.51 cu. ft.

' per lb. of dry air.

Therefore, the 58 grains of water

vaDor form 13.6 - 13. 4 -.2 cu. ft. of

58
volume. This steam will weigh VUUU

of a pound or .0083 pounds.

The impurities in the air come in a
great variety of forms. Some of the

different items which make up these
impurities are:

1. Dust (solid particles 1 to 150

microns in diameter)

2. Fumes (.2 to 1 microns in diam-
eter)

3. Smoke (less than .3 microns in

diameter)

4. Bacteria (measured by culturing

an exposed plate for 48 hours at

98 F.)

See PARAGRAPH 22-22 for more
information on air contaminants.

1 micron ~ .00003936 inches or approx-

imately KJuOUU of an inch — .00004"

1 4
= 1/2 of a jwuuu • As one nair is 1UUU

therefore 1 micron zz ^^ of a human
hair diameter.

1 micron z:
1000

millimeter

1 millimeter ZZ-
1

1000
of a meter

1 micron zz
1

1,000,000
of a meter

1 meter = 39.36 inches

1 micron zz ?l-

4fl0
— of an inch.

Air has a comfort effect, a health

effect, and a psychological or emotion-

al effect on human beings. Therefore,

air conditioning will become more and

more important.

The air is practically invisible, but

nevertheless it has weight meaning; it

has inertia and density. It pros

against the earth at sea level with a

pressure of 14.7 psi. It has a density

of .0725 lbs. per cu. ft. or .14 cu. ft.

per pound.

Because of the mass of the air, it

requires energy to move it, and it can

exert pressures above atmospheric

pressure. Also it requires energy to

make air change its direction of motion.
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ICE, WATER, WATER VAPOR DRY AIR

Temp.

Sat. Press. Heat in Liquid Total Heat Vol. of Volume Specific Amount of
in Hg. B.T.U./lb. after Vapor- Water Vapor cu.ft./lb. Heat Water Va-

ization cu.ft./lb. B.T.U./lb. por Sat-
B.T.U./lb. ' urate

Grains

-40
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the air in some instance, (winter and

*very cool earth zones) and cooling the

air in some instance, (summer and in

torrid zones). The specific heat of day

air is .24 Btu per pound, and energy is

therefore needed to bri.ig about these

changes.

22-5. DRY BULB TEMPERATURE

Because human comfort and health

depend not only on the air temperature

but also on the humidity and tl>e dust

content in the air, one should not

speak only of the air temperature but

also of these other factors. In air

conditioning the air temperature is

listed more accurately as the dry bulb

temperature (db) as this temperature is

taken with the sensitive element of the

thermometer in a dry condition. Unless

otherwise specifically noted, all air

temperatures are dry bulb tempera-

tures.

22-6. AIR MOISTURE

The atmosphere we live in always

has a water vapor content. Because

the human body releases considerable

moisture through its pores and by

breathing (respiratory system), it is

important that one know how air can

absorb this moisture, and how the

moisture in the air affects the release

of moisture from our breathing mech-
anism and our pores.

Moisture in the air is in a water

vapor form (in a gaseous form). It is

invisible. Snow, sleet, hail, clouds, fog,

and rain are forms of water vapor in

condensed form.

It is important to remember that

this vapor can exist in the air at below

freezing temperatures.

The vapor behaves as if it existed

or occupied the atmosphere all by

itself. Therefore it has a temperature

pressure curve like all volatiles. It

also has a latent heat of vaporization

and condensation, see Fig. 22-2.
As indicated in the table, the heat in

the vapor is considerable, especially
that amount of heat necessary to change
the water or ice to steam and vice
versa. The amount of heat is measured
from F. If one takes as an example
72 F., the air when dry has only 17.31
Btu/ lb., but if the air were saturated
with vapor, the total heat is 17.31

Btu/lb.= 1092.6xi^i= 17.31 + 18.48 =

35.79 Btu/ lb. of dry water vapor to

saturate it. Note that there is more
heat in the vapor than there is in the

dry air.

Air is very seldom saturated with

water vapor. If it were, the human
body could not lose heat by evaporation

of moisture. Also the vapor in the air

would be ready to condense if it con-

tacted any material even a very little

lower in temperature. Moisture would

collect (condensate) on clothing, on

walls, on grass, etc. People in this

atmosphere would be covered with

perspiration, and their clothes would

be damp at all times.

Luckily the atmosphere rarely be-

comes saturated. To find out how much
moisture is in the air, or how close it

is to being saturated with water vapor,

one may use a polished or shiny sur-

face that can be slowly cooled. As this

surface is cooled, it finally reaches a

temperature at which a film of moisture

appears on the surface (dew). If the

temperature at which the surfaces

"fogs" is noted, this temperature is the

saturation temperature for the air

sample. In nature, dew is the result of

air becoming cooled to near its dew

point temperature, and then as this air

passes over the leaves and grass,

small air currents and the pressure of

the surface causes moisture to collect

on this surface.

The dew point temperature can be

measured or determined by placing a

volatile fluid in a bright metal COH-
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tainer, then stirring this fluid with an

air aspirator. A thermometer will

indicate the temperature a mist or fog

appears on the outside of the metal con-

tainer. The slower the temperature is

lowered, the more accurate the reading.

One must be careful not to use flam-

mable or toxic volatile fluids for this

experiment.

The dew point temperatures maybe
obtained more accurately by using in-

struments made especially for this

purpose. See Fig. 22-3. This instrument

can measure dew point temperatures

from room temperature to as low as

-80 F. The principle of operation is to

pump a sample of the gas into the

observation chamber of the instrument.

The pressure is above atmospheric.

22-3. An instrument for determining the dewpoint
temperature.

(Illinois Testing Laboratories, Inc.)

The pressure ratio gauge on the right

adjusts for this pressure. Then manip-
ulate the valve which rapidly exhausts

the air and the lighted observation will

indicate a fog if the gas sample is

cooled to its dew point. This window is

lighted and a "sunbeam" effect is

noted if any fog exists. The pressure

ratio determines the dew point tem-
perature by formulation. The instru-

ment is very accurate because the fog

condition is very sensitive.

22-7. WET BULB TEMPERATURE

Another way to determine the moist-

ure content of air is to use a wet bulb

thermometer. This is a regular or

standard thermometer except that its

r\

A
B

D

22-4. A dry bulb thermometer and a wet bulb ther-

mometer. A. Thermometers; B. Mercury column; C. Wet
bulb column distance below dry bulb reading; D. Dry

bulb; E. Wick over wet bulb.

sensitive element (bulb) is covered

with a clean white cloth (wick), and

this wick is wet with clean water,

Fig. 22-4.

When the air is saturated with

moisture, no water will evaporate from
this bulb, and its temperature will be

the same as a dry bulb thermometer
near it.

However, if the air is not saturated,

water will evaporate from the wick,

and in doing so it will lower the wick

temperature and therefore the sensitive

bulb temperature. The heat will now
flow from the air to the wet bulb which

it surrounds.

The heat change is adiabatic; that

is, no heat is gained or lost from
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outside sources (radiation losses must
toe kept to a minimum). The total heat

at saturation, (wet bulb temperature
therefore equals the total heat in the

original sample.)

H
l
= H

2

The accuracy of the wet bulb reading

depends on how fast the air passes
over the bulb, speeds up to 5000 ft./

min. or 60 mi./hr. are best but danger-

ous if the thermometer is moved at

this speed. Also the wet bulb should be

protected from above normal heat rad-

iation surfaces (radiator, sun, electric

heater, etc.). Errors as high as 15 per

cent may be made if the air movement
is too low, or if too much radiant heat

is present.

Relative air movement is usually

obtained by whirling the thermometers
on a handle provided for this purpose.

Fig. 22-5 illustrates a pair of thermo-
meters (wet and dry bulb) called a

psychrometer. The wick should be clean

and white. The shiny psychrometers
come in a variety of sizes. Fig. 22-6

illustrates a portable shiny psychro-

meter with a carrying case.

22-5. A sling psychrometer. The wet bulb wick is

mounted on the thermometer that extends the farthest

(A) to the left.

(Friez Instrument Div., Bendix Aviation Corp.)

There are certain conditions in

which it is difficult, to spin the psychro-

meter such as narrow passages, etc.

To obtain accurate results in these

places an aspirating psychrometer is

used, Fig. 22-7.

22-8. HUMIDITY

Humidity is a term used to describe

the presence of moisture or water

vapor in the air. The amount of moisture
that the air will hold depends upon the
temperature of the air. Warm air will

hold more moisture than cold air. The
amount of humidity in the air affects

the rate of evaporation of perspiration

22-6. A pocket model sling psychrometer.

(Friez Instrument Div., Bendix Aviation Corp.)

22-7. An aspirating psychrometer. Note the handy

calculating slide rule incorporated in the case.

(Friez Instrument Div., Bendix Aviation Corp.)

from the body. Dry air causes rapid

evaporation, which cools the surface of

bodies and makes it feel cool. Moist

(humid) air prevents rapid evaporation

of perspiration; thus one feels warm

and depressed although the temperature

as indicated by a thermometer may be

the same in each case.

It is important to remember that

this moisture is in the vapor form, and

it is invisible.

Industrial processes and all air

conditioning situations should have a

record of the controlled temperature

and humidity. Fig. 22-8 shows

day recorder for both temperature and

humidity. Fig. 22-9 shows a 24 hour

record of the temperature and humidity

taken by a 24 hour recorder.

A different type of temperature and

humidity recorder is shown in Fig.
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22-10. The charts are printed on stiff

paper, and the chart moves down as the
recording proceeds. The humidity sen-
sitive element is made of multiple
human hair strands.

Air movement is an important part
of the humidity effect on one's comfort.
Moving air will improve the comfort
even though the humidity is high.

22-8. A seven day recorder for both the temperature
and humidity. These records are important as a means
of checking on the efficiency of the air conditioning

system.

(The Bristol Co.)

Also, if there is no air movement, the

air around the body will have a higher
humidity than the rest of the air in the

room, and a person will feel more
uncomfortable.

Humidity is measured in two ways:

1. Absolute humidity

2. Relative humidity

22-9. ABSOLUTE (SPECIFIC)
HUMIDITY

Absolute humidity is the actual

amount of moisture in the air. The
amount is measured as that amount
that is contained in each pound of dry
air. The amount of absolute humidity

is measured in grains. One grain is

1/7000 of a pound. It can also be

measured in terms of vapor pressure
such as in inches of Hg. or in psi abs.

22-9. A chart from a 24 hour temperature and humidity

recorder. Note how the relative humidity increased from

5 A.M. to 10 A.M.
(The Bristol Co.)

22-10. RELATIVE HUMIDITY

Relative humidity is a term used to

express the amount of moisture in a
given sample of air in comparison with
the amount of moisture the air would
hold if saturated at the temperature at

which the sample was taken. Relative

humidity is expressed in percentage
as 30 per cent, 75 percent, 85 per cent,

etc.

Referring to Fig. 22-11 (Point B)

contains 111 grains of moisture per

22-10. A temperature-humidity 10 or 30 hour recorder.

(Friez Instrument Div., Bendix Aviation Corp.)
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pound of dry air. The saturated condi-

tion (Point C) for the corresponding

temperature (85 F.) will hold 183

grains of moisture per pound of air.

The relative humidity for Point B
111/185 x lOOr 60 per cent.

Line A to B represents what- hap-

pens when saturated air is warmed.
Point D represents what happens when
saturated air is cooled. The moisture

represented by the distance D to E is

condensed out of the air, since air at

1<? 7F nrrr or
TEMPERATURE °F

22-11. Illustration of a typical water vapor saturation

curve for air. Note that as the temperature increases, the

amount of moisture that the air will hold also increases.

the temperature corresponding to Point

D (55 F.) will hold only 66 grains of

moisture. The amount condensed is

111-66= 45 grains.

A typical winter condition is re-

presented by Point F. Saturated air is

taken indoors at 30 F. and 100 percent

relative humidity. It holds 24 grains of

moisture. If this air is heated to 7 5 F.

and no moisture added, its new condi-

tion will be represented by Point G.

The saturated condition tor Point G
would be 131 grains. Since the air has

only 24 grains, the relative humidity

is 24/131 = 18.3 per cent. This is too

dry for comfort, as evaporation will

take place rapidly from the body and

nasal passages, and one is likely to feel

cold. Actual winter conditions in homes

are often much worse than this, as

relative humidities of 8 per cent to 10

per cent are common.

Air movement is also an important
factor affecting comfort. If cool dry air
is circulated past a warm body, the
heat flow from the body will be in-

creased, which tends to cool the body.
In the winter when a considerable
difference in temperature exists in-

doors and outdoors, if there is no air

movement within a room, the air may
tend to stratify; that is, the cold air

will sink to the floor and the warmer
air rise to the ceiling. By providing a

certain amount of air movement in the

room the air will be stirred up so that

a more or less uniform temperature
will exist throughout the room. Air
movement is usually accomplished by

means of fans located in air-condition-

ers or in air ducts.

22-12. A seven day recording hygrometer. A small

motor forces air over a dry bulb and a wet bulb. Note

the bottle on the right, it is used to supply drilled

water to the wet bulb wick.

(The Bristol Co.)

22-11. HUMIDITY MEASUREMENT

Relative humidity is measured by an

instrument called a hygrometer. The

simplest form of hygrometer cona

of a wet and dry bulb thermometer.

The wet bulb thermometer is merely

an ordinary thermometer havingawick

enclosing the thermometer bulb and
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extending into a small water reservoir

Fig. 22-12. As the wick soaks up

water from the reservoir, it moistens

the bulb of the thermometer, and eva-

poration of this moisture takes place.

The evaporation removes heat from the

thermometer bulb and cools it. This

bulb is called the wet bulb. The wet

bulb temperature, except in cases of

100 per cent relative humidity, will be

lower for a given set of conditions

than will the dry bulb temperature. It is

evident that under conditions of very

low humidity evaporation takes place

rapidly from the surface of the wet

bulb. This will result in a much lower

wet bulb temperature, while under con-

ditions of 100 per cent humidity no

more moisture can be absorbed by the

air and the two thermometers, wet and

dry bulb, will read the same.
Tables and charts have been worked

out using these two temperatures in

order to arrive at the relative humidity

for the conditions measured. Fig. 22-

13. Charts which show the relation

between wet bulb temperature, dry

bulb temperature, and relative humidity

are called "psychrometric" charts.

Instruments may be used for measuring
relative humidity other than the wet and

dry bulb thermometers. Such sub-

stances as dry wood, human hair, and
certain vegetable fibers have a great

tendency to change their size or shape
depending upon their moisture content,

Fig. 22-14. If these substances are
arranged in such a manner that air can
circulate past them freely, they will

absorb moisture from the air depend-
ing upon the humidity of the air and

therefore respond to the atmospheric
humidity. By connecting these sub-

stances to certain mechanisms, and by

calibrating the mechanism, we are able

to develop accurate hygrometers.

22-12. PSYCHROMETRIC
PROPERTIES OF AIR

Psychrometry is the science and

practice of dealing with air mixtures

and their control. The science deals
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v mainly with dry air and water vapor
mixtures.

Psychrometry deals with the spec-
ific heat of dry air and its volumes. It

also deals with heat of water liquid,

heat of vaporization or condensation,

and the specific heat of steam in re-

ference to moisture mixed with dry air.

22-14. A home type hygrometer.

(Friez Instrument Div., Bendix Aviation Corp

Tables and graphs have been devel-

oped to show the pressure, tempera-

ture, heat content (enthalpy), and vol-

ume of air and its steam content. The

tables and charts are based on one

pound of dry air plus the steam to

produce the air conditions being stud-

ied.

A standard pressure is used be-

cause the volumes of these gases vary

rapidly with pressure changes; 29.921

inches of mercury (29.921 in. hg.) is

used as the standard atmospheric pres-

sure.

The charts and tables are pro-

perties of steam values with the spec-

ific heat of air added. The main curve

of the chart is actually the pressure-

temperature curve (saturation curve)

for low pressure steam.

The tables are shown in Fig. 22-2.

One type chart is shown in Fig. 22-

13.

22-13. PSYCHROMETRIC CHART

The psychrometric chart is a graph
of the temperature-pressure relation-
ship of steam. The horizontal scale
(abscissa) the temperature, while the

vertical side (ordinate) is the pressure
scale.

The chart should be studied exten-

sively, because it is a means for show-
ing the various air conditioning cycles

and the results of mixing air of various

properties.

The various constant value lines

are shown in Fig. 22-15.

Many of the air conditioning pro-

blems in this text will be solved using

the psychrometric chart.

22-14. PSYCHROMETRIC TABLES

The table values permit much more
accurate results because the values

are accurate to four and five places.

However, considerable arithmetic must

be used to determine humidity values

for air that is not saturated and other

values.

One should become familiar with the

use of both the chart and the table.

Some examples of the use of the

graph or chart are included in the

following paragraphs.

The values along the horizontal

lines represent dry bulb temperatures

pry bulb renr -

22-15. Psychrometric chart line nomencUturrv
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in F. The values along the vertical

lines represent grains of moisture per
pound of dry air. The 100 per cent

humidity line or the line of saturation

is indicated by A. The wet bulb tem-
peratures are also indicated on curve
A. This psychrometric chart may be
used in connection with the wet and dry
bulb thermometers to determine the

relative humidity under any conditions.
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humidifier adds moisture to the warm-
ed air, and finally that this heated air

mixes with the air in the room. Fig.

22-17, A to B is heating the air, B to

C, is this warm air passing over the

humidifier (total heat is constant).

Between C and A the heated and hum-
idified air is mixed and the final result

is at D.

D.B TEMP

22-18. The cooling cycle on the psychrometric chart.

A. Condition of outside air; B. Partly cooled air; C. Air

cooled to saturation; D. Air cooled to remove some

moisture; E. Dehydrated air reheated; F. Result of mixing

treated and untreated air.

22-19. Air circulation in a console comfort cooling a

conditioner. A. Recirculated air; B. Fresh air; C. Cooled

air; D. Recirculated untreated air; E. Filter.

22-16. COOLING CYCLE

A cooung cycle is lowering the

temperature (db) of the air. When this

happens, Fig. 22-18, A to B, the

relative humidity increases. Some
moisture must therefore be removed.
This moisture can be removed by using

chemicals to dehydrate the air or by

cooling the air up to the saturation

curve and then removing the moisture

by condensing moisture on the cooling

surface (B to C to D). The distance

from C to D is the drop in vapor

pressure or grains of moisture re-

moved. Reheating to E along a horizon-

tal line to E will decrease the humidity.

However, what more often happens is

the air leaving at D is mixed with the

room air which is at some intermediate

condition between 85 F. and 100 F. The

mixture meet3 on the line between D
and A. If one third of the air by weight

is passed through cooling coil, the

mixer temperature will be one third

of the way from D to A, that is to F.

Some systems mix the air inside the

air conditioner and also introduce fresh

air into the air conditioner to obtain

results as shown in Fig. 22-19.

22-17. COMFORT ZONE

As has been indicated, comfortable

conditions result from a combination of

temperature, humidity, air movement,and

air cleanliness. However, one may have

equal comfort under varying absolute

values of these factors. For instance,

the high relative humidity, which would

tend to be oppressive, may be counter-

acted by a relatively low temperature;

rapid air movement, or as is in the

case of many homes in the wintertime,

a low relative humidity Is compensated

for by an increase in room tempera-

ture and a very slight air movement.

Fig. 22-20 illustrates what is common-

ly accepted as the comfort zone for the

above conditions. It will be noticed that
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AIR MOVEMENT OR TURBULENCE
15 TO 25 FT PER MIN
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:emperatures of approximately 70P\to
f5 F. indoors, although the temperature
Dutside may be F., which is a tem-
perature difference of 70 F. This is

secause it is usually considered more
comfortable to put on additional clothing

when going outdoors under such con-
ditions than to remain indoors with

sufficient clothing to be comfortable at

a temperature only a few degrees
above zero. However, in the summer,
the reverse of this is not true. We do
not dress warmer when we enter a

space conditioned to 70 F. when the

outside temperature is 90 to 100 F.

Instead of feeling comfortable on en-
tering such a conditioned space, we may
feel chilled and too cold. It is, there-

fore, important that a compromise
condition be maintained which corres-
ponds to some extent with outdoor

temperature.

From Fig. 22-20, one can see that

in the summer most people are com-
fortable between 72 F. db and 100 per

cent rh up to 85 F. db and 10 per cent

rh. During the winter most people feel

equally comfortable between 66 F. db

and 100 per cent rh and 74 F. db and

10 per cent rh.

22-19. AIR MOVEMENT

Air movement has a distinct effect

on a person's feeling of comfort. If

one resides in perfectly still air, he

soon builds up the surrounding air to a

higher temperature and a higher hum-
idity. Likewise, if there is too great an

air movement, over 15-20 feet/min.,

the wiping action of the wind produces

an effective temperature below the

actual conditions.

Air conditioning attempts to produce

air movement in those spaces occupied
by people, but not an annoying move-
ment. However, the apparatus is de-

signed to move the air as fast as

possible in the rest of the air cycle.

This air speed increase is due to first

reducing the size of the air passage-
ways (ducts and machine air passages),
and second, to throwingthe airas faras
possible into the conditioned space (to

reduce the number and size of the air
openings in the room).

The air passage velocities are lim-
ited however, because if the velocity is

too high, an air turbulance noise be-
comes very disturbing, and also the
energy needed to move the air at high

velocities (friction losses) becomes
uneconomical.

The subject of air distribution is

covered in more detail in Chapter 23.

22-20. DUCTS

To carry air to the air conditioning

machine, through the machine, and then

to deliver to the place of use, air

passages must be built. These air

passages are called ducts.

These ducts may be made of many
materials. The pressure in them is

very small, a 1 inch pressure rise is

high and this pressure amounts to only

1 x 14.7 approximately .03 psi above

12 x 34

atmospheric pressure. The materials

therefore only have to be strong enough

to support their weight. Original air

ducts were very thin tinned sheet iron

(hot air ducts), then galvanized sheet

steel, aluminum sheet, and finally in-

sulated duct such as asbestos fibre

board were developed. Passage-ways

such as formed by studs or joists may

be used where a fire hazard docs not

exist.

Three types of ducts are used as

classified by their use: conditioned air

ducts, recirculatingairducts, and fr

air ducts.

Although round ducts arc the more

efficient in reference to air flow

square and rectangular dui ta are the

more popular, as they conform better

to the design of building Structur
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22-21. GRILLES

The end of a duct is usually covered
with and concealed by a perforated

covering called a grille. This covering

may also be placed over the intake of a

recirculated air duct or a fresh air

duct.

22-21. A ceiling grille with specially designed outlets

that produce air diffusion in the grille.

(Anemostat Corp. of America)

The purpose of the grille is to

prevent any large objects from getting

into the duct and to provide a control
for the direction of flow of the air into

the room.
The grille is an extra resistance to

the air flow. The grille cross section
pieces block the air passage by ap-
proximately 30 per cent. For this

reason, and also because they must use
a slow air movement to reduce the
noise, the duct cross-section is usually
enlarged at the grilles.

Many forms of grilles have been
designed. Some are fixed and direct the

air only in one direction. Others are
adjustable and can be arranged to direct
the air in different directions. A pop-
ular grille design is shown in Fig.

22-21. This grille has circular seg-
ments and is designed to serve as a

diffuser grille. The duct air by inertia

flow along the upper surface of each
truncated cone. This action reduces the

pressure underneath each cone and
room air enters and is mixed with the
duct air. This diffusion mixes the enter-

ing air with the room air and produces

a more comfortable condition.

22-22. AIR CLEANING

As important as the temperature,

the humidity and the air movement,
is the air cleanliness. The air con-

taminants, as all foreign matter is

called, vary considerably in size and

in material.

Solid particles, kept in suspension

in the air by air currents, are common-
ly classified into three groups:

Dust is the result of wind, some
sudden earth disturbance, or by mech-
anical work on some solid. Dust can

|

have any origin; animal, vegetable or

mineral.

These particles are usually over

600 microns in size (about .004 in. in

dia.).

Fumes are solids formed by con-

densation and solidification of mater-

ials that are ordinarily solids but have

22-22. A fiber glass oil impregnated filter.

(Pittsburgh Plate Glass Co., Fiber Glass Div.'

been put into a gaseous state (usually

an industrial or chemical process)

These particles are about 1 micron ii

size.

Smoke is the result of incomplett

combustion so solid particles are car
ried into the atmosphere by the gaseou,

products of combustion. These part

icles vary in size from .1 to 1

microns.
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Other forms of air impurities are
he liquid impurities; these are known
as:

1. Mists

2. Fogs
Mists are small liquid particles,

mechanically ejected into the air by
splashing, mixing, atomizing, etc.

Fogs are small liquid particles

formed by condensation. Fogs indicate

that the atmosphere has reached the

saturation state for that particular

chemical.

The third general classification of

:
the air impurities consists of the im-
purities that act as true gases.

1. Vapors
2. Gases
There is little difference between

these two impurities. Vapors are gases
that have condensing temperatures and

pressures close to normal conditions.

Not all impurities are objectionable

or harmful. Perfumes and deodorizers
have been used for years to either make
the air more pleasant to be in or to

conceal objectionable odors.

Special applications for air cleaning

may be provided for

1. Pollen

2. Bacteria

However, the best air conditioning

practice is to clean the air.

Pollen grains come from vegetation

growth such as weeds, grasses and

trees. Their presence in the air is

usually responsible for hay fever, rose

fever, and other respiratory conditions.

The removal of these pollen from the

air has been an important contribution

of air conditioning. These particles

vary in size from 10 to 50 microns.

Bacteria are micro-organisms and

are responsible for the transfer of

many diseases. Many manufacturing

processes require the removal of these

bacteria during the process. Also hos-

pital rooms and even refrigerators

may use bacteria removing devices.

22-23. AIR CLEANING DEVICES

Many methods have been developed
to clean the air. Solid impurities should
be removed as completely as possible
because these particles settle from the

air and cover the furniture, carpeting,

drapes, and floors with dust and fre-

quent dusting must be done.

Some methods to remove these dust

particles are:

1. Centrifugal devices

2. Air washers
3. Oil impregnated filters (Fig. 22-

22)

4. Electrostatic precipitators

Mists or fogs are usually removed
by heating to turn the mists and fogs

into invisible gases or by condensing to

remove the mists and fogs in the liquid

state.

m

5-

22-23. An ultra-violet lamp tor elimination of bacteria

and mold spores from the air.

(Ultra-Violet Products Inc.)

A condensation process may be used

to remove vapors and gases.

Pollen grains may be removed by

filters, or by using a wet surface to

which the particles will adhere.

Bacteria can be removed either by

filter chemicals or by a sterilizing

light such as an ultra-violet light. An
ultra-violet lamp used for air pur-

ification is shown in Fig. 22-23. The

lamp is usually located to shine the

rays upward. The lamps are mounted

6 1/2 to 7 feet high when turned up;

they should be below eye level when

turned down.

22-24. OIL FILTERS

The most popular filters are those
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made of various fibers (glass, wool,

etc.). These fibers are covered with

some adhesive liquid. The air is made
to change direction and speed with the

result that the lint and dust contacts

the adhesive surfaces and is trapped.

These filters will remove as much
as 90 per cent of the dirt if they do not

become saturated or if the air velocity

is low enough. See Fig. 22-24. The
more common filters are of thethrow-

22-24. A typical fiber glass filter installation.

(Airfemp Div., Chrysler Corp.)

away or disposable type. These filters

should be renewed twice each year or
more frequently if the dust conditions

are high. The frames are usually made
of cardboard wire reinforced. Fig.

22-2 5 shows a fiber filter being in-

stalled in a window air conditioner. The
filter should be replaced if the pressure
drop exceeds .5 in. of water.

22-25. WATER FILTERS

Water is used in three ways as a

filtering agent. It was first used as a

spray; this method is also a humidity

control. The finely divided spray will

remove most of the dirt, but it cannot

remove soot dirt particles (carbon), as

this type of dirt cannot be wetted.

Sprays are usually found in larger

units.

Water is also used to wet a loosely

woven cloth (cotton). This cloth is

usually stretched over wire frames.

The cloth is kept wet by wick action or

by using slowly dripping water.

The third method is incidental to

the use of a moisture condensing coil.

A cooling coil operating below the

dew point temperature will collect con-

siderable water, and the air passing

over this water will loose much of its

dirt to this water.

Naturally any type of water filter

will require plumbing connections both

for the water and to the drain.

22-25. A fiber glass filter being installed in a window

unit.

(Owens-Corning Fiberglass Corp.)

22-26. CARBON FILTERS

A filter that removes solid part-

icles and one that will also remove
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22-26. An activated carbon filter and air purifier.

(W. B. Conner Engineering Corp.)

odor causing gases and bacteria is

made of activated carbon surfaces.

This filter has been used in air con-

ditioners and in refrigerators with

considerable success. Fig. 22-26. The

carbon is in activated charcoal form
and is commonly made from coconut

shells. This charcoal will absorb as

much as 50% of its weight in foreign

gases. The filter may be renewed by

baking at 1000 F. to drive out the

absorbed gases.

22-27. ELECTROSTATIC CLEANING

A filter that eliminates practically

a
+

+ -•

&. h-

IIOV. A.C. /aooov j}.c.

all dust, is the electrostatic filter.

Basically it puts a static electrical
charge on till particles that pass through
it. First the air passes through a
highly ionized field. A wire with a very
high positive voltage is suspended be-
tween grounded wires. The electrons
passing through the air space will put
a positive electrical charge on any
particle that attempts to pass through
the ionized field. This particle is then

22-27. Electrical circuit and air flow in a simple electro-

static type air filter.

22-28. An electrostatic filter, which is washable in water.

(Goodyear Tire & Rubber Co., Inc.)

drawn to the grounded plates (negative

potential). Potentials of as high as

12000 volts are used, Fig. 22-27.

Filters which carry small static

electricity charges are also available.

These filters are similar in appearance

to the oil film filter. However, the

filter removes dirt particles by attract-

ing them to its static electricity sur-

faces. The filter is cleanable. It only

needs to be washed in cold water. Fig.

22-28.

22-28. OZONE

Ozone has been extensively studied

as a means to improve conditioned

air.

Tests have proven that ozone will

improve air but its use above 0.01

to 0.05 parts per million of air I
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cause an unpleasant odor and may
cause breathing difficulties and even
stupor.

22-29. REVIEW QUESTIONS

1. When was the first scientifically

designed air conditioning system
installed?

2. Who is called the "father" of

modern air conditioning?

3. What four factors must be con-
trolled in a complete air condi-

tioning system?
4. Is air conditioning used only for

human comfort?
5. Of what materials is the living

portion of the atmosphere made?
6. In what form does water exist in

the air?

7. What is fog?

8. What is a grain?

9. What is a micron?
10. List at least two temperatures

one should know about any part-

icular air sample?
11. Define psychrometry.
12. How does air movement affect

one's comfort?
13. What is the boiling or evaporat-

ing temperature of water at 1 in.

hg. pressure?
14. List two ways to remove moist-

ure from the air.

15. What happens to the moisture
absorption of air as the tem-
perature decreases?

16. How should a psychrometer be
used?

17. What values are constant along
a horizontal line on the psychro-
metric chart?

18. Does the air contain moisture at

temperatures below 32 F?
19. When air is heated, what happens

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

to the relative humidity?

Under what conditions are most
people comfortable in the sum-
mer?
List three uses for air ducts.

What is the purpose of a grille?

How large are dust particles?

What are fumes?
Describe the difference between

a vapor and a gas.

How can oil remove impurities

from air?

How does an ultra-violet ray

help clean air?

Describe how a cooling coil helps

clean the air.

What is the principal impurity

removed by an activated carbon

filter?

How is electricity used to re-

move dust from the air?

22-30. DISCOMFORT INDEX

A discomfort index is a numerical

method used to indicate the possibility

of human discomfort. This measure-
ment is also called a Temperature- 1

Humidity Index (THI). It is determined

by adding the wb and db temperatures,

multiplying by .4 and then adding 15.

Example: 90db+80wb= 170 x

68.0 + 15=83
.4 =

According to the U. S. Weather Bureau

Discomfort Index % of people

who will be uncomfortable

70

75

79

10

50

100
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Chapter 23

AIR DISTRIBUTION

INSTRUMENTS

Air conditioning mechanisms are

designed to condition the air within the

mechanism and then to distribute this

treated air to the proper place, in the

proper amounts, and with the least

possible annoyance to the consumer
of the conditioned air.

When a radiator system, such as

a steam heating plant or a hot water
plant, is used, the distribution of air

is very simple. The radiators are

located along the outside walls and the

heated air rising from the radiator

along the wall mixes with the cold air

adjacent to the cold wall, and the

mixture is then distributed by natural

convection throughout the room.

However, the warm air furnace

gave rise to more complicated pro-

blems in air distribution. The air is

still circulated by natural convection,

but the air passages have to be pro-

portioned so that the longer run ducts

are made larger and the larger rooms

also have larger ducts. Means also had

to be devised for cold air from the

rooms to return to the furnace. The

advancement from the simple one duct

cold air return, to complicated multiple

cold air returns from each conditioned

room illustrates the need that one

study air distribution very carefully.

23-1. USE OF AIR

In air conditioning practice, as air

is passed through the mechanism it is

heated or cooled, humidified or de-

humidified, cleaned, and then distribut-

ed to those places where it is needed.

This shows that the air conditioning

unit, no matter how efficient it is, and

regardless of its size, would be handi-

capped if the air could not be distribut-

ed efficiently. It is very important that

the air distribution be accurately pro-

portioned to the need and to the appara-

tus to which it is included.

23-2. WEIGHT OF AIR

Air has definite weight. Although it

is invisible, its gases have a definite

mass, and it therefore takes energy to

move air. At 70 F., 13.34 cu. ft. of dry

air weighs one pound, and if this is

50% saturated with moisture, 13.31 cu.

ft. of the air and moisture mixture

weighs one pound. Because air is a gas,

it responds to the Boyles and Charles

Laws and, therefore, as the tempera-

ture rises, it takes more cubic feet to

weigh one pound. As the pressure de-

creases, it takes more cubic feet to

weigh one pound. Fig. 23-1 illustrates

the weight of air under various tem-

perature and humidity conditions.

23-3. HEAT IN AIR

Because air is a physical substan. .•,

it has a heat carrying capacity. It c an

transport heat, either removing it from

a space or carrying it to a space. Thfl
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fresh air is conditioned and mixed with

*the recirculated air before it reaches

the room.
The amount of fresh air required

depends on the use of the space and

the amount of fresh air admitted by

infiltration.

If the amount of impurities in the air,

odor, smoke, bacteria etc. are the cause

for requiring more fresh air, this may
be reduced by using various air clean-

ing systems.

Ventilation is usually based on air

changes per hour for the conditioned

space. If the space is 1000 cu. ft. for

example, three changes per hour would

mean 3000 cu. ft. per hour or 50 cu.

ft./min. This is the minimum for

heating residences. As high as 12

changes per hour (in the above case 200

cu. ft./min.) are recommended for

cooling. See Fig. 23-2.

23-5. NOISE

The air distributing system must

not only handle the heat load and the

: fresh air required, but it must do these

. functions in a manner that will not be

annoying to the occupants. Two causes

of annoyance are objectionable drafts

and noise.

The noise problem can be divided

i

into three types:

1. Noise source

2. Noise carriers

3. Noise amplifiers or reflectors

The noise source is an audible

vibration. This vibration may originate

in the heating unit, in the cooling unit,

in the fan mechanism, in air turbulence,

in the duct panels or hangers, or in

the grilles.

The noise carriers are rigid struc-

tures that carry the vibrations of any

. source to places where it may be

;

annoying to the people in the area.

;
Floors, ceilings, ducts, doors, pipes

— all may carry these vibrations.

Noise amplifiers or reflectors are
usually hard smooth surfaces in the

conditioned space. Walls, ceilings,

floors, and furnishings may pick up a

small vibration and reflect it in such

frequency and in such a direction that

all or certain parts of the space maybe
made uncomfortable. The problem of

acoustics and the maintenance of a

low decibel noise level is being con-

stantly studied and improved.

23-6. DRAFTS

It is a relatively simple matter to

provide ducts large enough and fans

large enough to provide a room with the

correct amount of air for conditioning.

However, the problem of putting this air

into the room, distributing it to all

parts of the room without short cir-

cuiting the air to the air return,

without objectionable drafts, and with-

out irritating noise, is a difficult task.

When air moves at a velocity that

exceeds 25 ft./min. (about 1/3

miles/hr.), most people feel an annoy-

ing draft. This means that, if the air

flows faster than one mile per minute

through the length of a 25 foot living

W- WINDOW

23-3 The location of grille* to minimize drafti in the

living portion, of the room. A. The people are e.poieo

to drafts; B. The high velocity air k -bov the hv.ng

level C. The center location perm.tt lower gnlle velocity

and the higher velocity it above the Irv.ng level; D. An

ideal large grille opening.
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room, an uncomfortable feeling results.

To have a grille outlet designed to

throw the air into the room a distance

of 8 to 13 feet, a velocity of 500 ft./min.

(6 mi./hr.) is needed. Therefore, to

keep that part of the space occupied by
humans at a 25 ft./min. velocity, the

location of the grilles or outlets must
be carefully designed, Fig. 23-3.

23-7. STRATIFICATION OF AIR

Air in an occupied space must be
kept moving, or stagnation or strati-

fication results. Warm air tends to

rise, cold air tends to settle, and in a

room where the air is not deliberately

moved the air will assume levels

according to its temperature, Fig.

23-4.

It is important to locate all auto-

matic controls at the proper level

because of this stratification. Also

stratification tends to make smoke
haze hover in layers.

Unfortunately some grilles are so
located that the air will only be moved

CEILING

23-4. The various temperature levels found in a room
having little or no air circulation.

in certain parts of the room and the air

will become stagnant in the others.

There is also the problem of the ob-

struction to air movement caused by

the furnishings of the room. For this

reason and to enable higher grille

velocities, some grilles are located

high in the room (6 ft. or more), and

some may be located in the ceiling.

These high grille locations necessitate

that the grilles be attractive in appear-
ance or concealed, Fig. 23-5.

23-8. AIR DUCTS

To deliver air to the conditioned

space, air carriers are needed. These
carriers are called ducts. These ducts

are preferably made of metal or some
non-combustible material.

The ducts work on the principle of

air pressure difference. If a pressure

difference exists, air will move from
the high pressure spot to the lower

pressure places. The greaterthis pres-

sure difference the faster the air will

flow.

23-5. A ceiling grille that diffuses the air as well as it

delivers it to the room.

(Anemostat Corp. of America)

There are two popular shapes of

ducts used for carrying air: (1) the

round duct, (2) the square or rectangul-

ar duct. See Fig. 23-6. The round duct

is the more efficient based on volume
of air handled per perimeter distance

(distance around). That is, less sheet

metal is needed to make a large

enough duct to carry the necessary air.

The square or rectangular duct has

need for more metal for equal vol-

umes. Also the square duct has four

inefficient corners where the air is

difficult to move and must be almost

neglected when one calculates the air

it can carry. The rectangular duct,

however, harmonizes with building con-
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23-6. Round and rectangular ducts. The arrows indicate

how the air flow is slower the closer the air is to the

surfaces of the duct.

struction and fits into the walls and
ceilings better. It also is easier to

install rectangular ducts between joists

and studs.

A table has been developed showing
the rectangular ducts that have equal

.carrying capacities to round ducts,

I Fig. 23-8.

A 20 inch round duct has a perimeter
Of: Diameter x7T - circumference

(perimeter)

(20
x 3.1416= 62.832 inches.

A rectangular duct of equal capacity

ds 14 x 23 in. It has a perimeter of

'W+W + D+Dr perimeter
23+23 + 14+14 = perimeter

46+28 = 74 inches

74 inches - 62,832 = 11.17 inches

This means 11.17 inches of metal

more around, and that for each length

of duct an extra square foot of metal is

needed.

23-9. DUCT SIZES

To determine the size duct that

should be used to carry air to a room,

It is necessary to first find the volume

of air that is to be delivered to the

room.

This volume of air depends on the

amount of heat the air must deliver to

the room during the heating season or
the amount of heat to be removed
during the cooling season.

These calculations are not com-
plicated in most cases, but situations
using split heating systems, etc. make
the problem more complicated.

The amount of air delivered to a
room must always be equal to or ex-
ceed the minimum ventilation require-
ments.

23-10. AIR VOLUMES FOR HEATING

If the heated air is furnishing all

the heat for a room, three things must
be known to be able to calculate the air

volume:

1. The heat load

2. The room temperature

3. The duct temperature

The heat load can be determined

by using the methods described in

Chapter 24. The room temperature is

decided by the designer, normally it is

72 F. dbt. The duct air temperature is

more difficult to decide. If a low duct

temperature is used, large air volumes

will be necessary to carry enough heat.

If high duct temperatures are used, the

furnace will have to operate with higher

chimney (stack) temperatures, and the

ducts themselves may have to be in-

sulated.

Engineers recommend that the

grille temperatures be at least 125 F.,

and that duct temperatures be near

140 F. The lowest temperature needed

to obtain these results depends on the

duct lengths. Knowing that the specific

heat of air is .24 Btu/lb., the weight of

air needed is easily found by using the

specific heat equation.

Room Heat Loadr .24 x Wt. of air x

the temperature difference

For example:

What is the air weight if a room has

a heat load of 20,000 Btu/hr?

With a room temperature of 1

and a duct temperature of 140 v.. the
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43.55 x 600 - Vol x 532

13.55 x 600 - Vol

532

8130 - Vol

532

17.16 = Vol

The volume of air/min. is 20.435

lbs./min. x 17.16 cu. ft.

Vol. = 350.7 cu. ft./min.

One must now determine the duct

size. Two separate items must be

considered. If the space is limited, the

area of the duct is already fixed. For
example, if the duct is to run between

studs in a partition, the space avail-

able is 14 x 3 1/4 in. maximum (2x4
studding on 16 in. centers). This duct

has an area of

14 x 3 1/4 = 43.5 sq. min.

45.5 - .316 sq. ft.

144

Using the above volume
The velocity in ft/ min x .316 sq. ft.

- 350.7 cu. ft./min.

Velocity = 350.7

.316

= 1110 ft/min.

This velocity produces air turbul-

ence noise and one must therefore use

two ducts of 14 x 3 1/4 in. size.

The velocity will now be 555 ft./ min.

which should be satisfactory.

23-11. AIR CIRCULATION

Heating systems have used these

systems to circulate the air.

1. Gravity

2. Intermittent forced air

3. Continuous forced air

The gravity system is decreasing

in popularity. However, it has the

advantage of simplicity and a steady

temperature in the rooms. A Standard

Code for Installation of Gravity Warm
Air Heating Systems is published by

the National Warm Air Heating and Air

Conditioning Association,

This code recommends register or
grille temperatures of 17 5 F. It has

tables thai, indicate the Btu carrying
capacity of five different duct combina-
tions for either first or second floor

registers.

The same association has developed
a Code for mechanical warm air sys-
tems.

The continuous blower operation

system is increasing in popularity.

This system provides a more constant

temperature in the rooms.

23-12. UNIT PRESSURE DROP
SYSTEM

When air is forced through a duct,

it follows the path of least resistance.

Many air conditioning duct systems

have several openings for the air to

escape from the duct. A duct with a low

air flow resistance will allow most of

the air to flow through it, and the

other ducts will not obtain their correct

amount of air. In the past many duct

installations were made that fed too

much air to some rooms and did not

heat other rooms sufficiently.

The unit pressure drop calculating

system, uses the same pressure drop

for each length of duct throughout the

system.

For example, if the total heat load is

80,000 Btu/hr, and there are five

rooms with heat loads as follows:

1. Living Room - 25,000 Btu/hr.

2. Dining Room = 15,000 Btu/hr.

3. Kitchen - 5,000 Btu/hr.

4. Bathroom - 8.000 Btu/hr.

5. Bedroom No. 1 -15,000 Btu/hr.

6. BedroomNo. 2 = 12,000 Btu/hr.

Based on the previous probh-ms

Btu/hr.- 20,000 - 5.7 Btu/cu. ft. of air,

cfm 350.7

the air volumes required per min. for

each room are:

1. Living Room 438.6 cu. ft./min.

2. Dining Room 263.2 cu. ft./min.
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3. Kitchen 87.73 cu. ft./mln.

4. Bathroom 140.3 cu. ft./mln.

5. BedroomNo. 1 263.2 cu. ft./ min.

6. BedroomNo.2 210.5 cu. ft./ min.

The total air volume is 1403.53 cu.

ft./ min.

To determine the duct sizes to

handle the air volumes specified above,

data must be obtained about air flow.

Figs. 23-7 and 23-8. This chart has

four variables (1) Friction loss in

inches of water on the horizontal scale

ot oj o« .o« oe r z j 4 e s i t J 4 t no
FRICTION LOSS IN INCHES OF WATER PER 100 FT

23-8. A friction chart for high volume air flow in ducts.

(Am. Soc. of Heating and Air Conditioning Engrs.)

(2) Cu. ft. of air/ min on the vertical

scale (3) Velocity on a scale that

slants down to the right and, (4) a

round duct diameter scale that slants

down to the left.

In the problem above the main duct

must handle 1403.53 cu. ft./ min. To
keep the velocity to a low noise level,

a friction loss of .04 in H
2

per 100

ft. should be used. On the chart, these

two values meet and show that the

velocity will be 730 ft./ min., and the

34.2 35 8
3.1.9

35 I

35 (j |3C

27.1

28.1

29.0

22.1
33 <

33 9

34 5

35.0

35 5

23-9. The width of duct necessary for a rectangular duct

to equal the carrying capacity of a round duct.

(Am. Soc. of Heating and Air Conditioning Engrs.)

round duct will be 18 1/2 in. in dia.

Using this same friction loss for

the branch ducts, one may obtain the

following round duct sizes.

1. Living Room r 550 ft./min. and

12.1 in. diameter
2. Dining Room = 480 ft./min. and

9.8 in. diameter

3. Kitchen - 370 ft./mln. and 6.9 in.

diameter
4. Bathroom = 410 ft./mln. and 7.9

in. diameter
5. BedroomNo. 1 = 480 ft./ min. and

9.8 in. diameter

6. Bedroom No. 2 =460 ft./ min. and

9.2 in. diameter
These velocities are reasonably

low, and the system would work. How-
ever, a more accurate system is the

total pressure drop system.

The round duct diameters are

changed to rectangular duct sizes by

the table shown in Fig. 23-9.
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* When changing round duct sizes to

rectangular duct sizes, it is important
to remember that partition ducts can-
not exceed 3^ in. in depth anri*14 inches

in width. Also, all the ducts in the base-
ment should have the same depth for

appearance purposes and to enable easy-

concealment of the ducts in cases
where the basement is used as a re-

creation space or living quarters. It is

recommended that the basement ducts

not exceed 8 in. in depth.

23-13. THE TOTAL PRESSURE DROP
SYSTEM

The unit pressure drop system is

accurate enough for simple duct in-

stallations that do not have long duct

(7s

BEDtfOOM # /

^

BEDROOM #^

/E' A

\]

^ .BATH ROOM
=0

D/M/NG ROOM

F

fc)

KITCHEU

4' G

^U~ 1/V/AI6 R00H

23-10. A typical duct installation

runs or great differences in duct sizes.

A more accurate system is based on
having the same total pressure drop
from the fan to each outlet. Fig. 23-10
shows the duct system used with the

rooms as calculated in Paragraph 23-

12. To keep the various ducts identi-

fied, it is good practice to letter each
different size duct.

In the illustration, the following air

volumes must be carried.

Duct Air Volumes
A 1404

B 930

C 790

D 526

E 439

F 220

G 220

H 474

I 211

To be sure that the correct air

volume leaves each outlet, it is neces-

sary to have each outlet produce the

correct equal amount of air resistance.

The method followed is to determine

the longest and most complicated duct.

This combination is obviously A, B, C,

D, E, and F.

If one were to assume a total pres-

sure drop of .04 inches of water, this

total means that the pressure drop to

each room outlet must be .04 inches.

For example, the opening to the bath-

room is the shortest overall distance.

It must have the same total pressure

drop as the longest run through F.

An important part of this duct

design is that the bends and elbows

must be considered when determining

pressure drop. Generally speaking, the

pressure drop of one elbow is equal to

10 diameters of the duct. Assuming

there is one large bend above the

furnace and that the grilles an :<n ated

at the 7 ft. level in th<- room, the I

length of duct A B C D E F is approxi-

mately:

Elbow (18x10) 15 ft.

A 12 ft -
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23-1 1. Air flow in duct bends and elbows.

Elbow (16x10)
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23-13. Principal types of fans. A. Axial flow; B. Radial

flow.

ft. From the graph, using 87.73 cu.

ft./min. volume and the resistance of

.096 in., the following data is obtained:

Size — 5.8 in. dia.

Velocity - 530 cu. ft./min.

Notice how these values differ from
the unit pressure drop values.

23-14. ELBOWS

Air has inertia. That is, air has

weight and it obeys the Newton laws of

motion. In addition, air is compressible

and, because of these laws, air in motion

has the following characteristics: It

takes energy to make air flow change

direction. The air wants to flow in a

straight line, and it therefore crowds

against the outside on turns. Fig. 23-11

(A) represents a typical elbow. It has

a very short radius of bend. The pres-

sure drop through the elbow is about

10 times an equal length of duct. (C)

is a much better air flow duct, but its

cost and room for installation make it

impractical for many installations.

(B) is a turbulent air duct design, and

(D) is the type of duct with a much
better air flow design. (E) is a duct

elbow with vanes located at the bend.

These vanes (F) considerably reduce

the pressure drop.

23-15. FANS

Air movement is usually produced

by some type of fan. These fans are

usually located at the inlet of the air
conditioner. Air movement can be pro-
duced b> either creating an above
atmosphere pressure (positive pres-
sure) or by creating a below atmos-

23-14. Blade for axial flow fan.

(Torrington Mfg. Co.)

23-15. Rotor for radial flow fan.

(Torrington Mfg. Co.)

phere pressure (negative pressure).

Actually, all fans produce both con-

ditions; the air inlet to a fan is below

atmosphere condition, and the above

atmosphere condition is in the ixhaust

of the fan. See Fig. 23-12. The air:

into a fan is called induced draft and

the air exhaust from a fan is called

forced draft.

There are several types of fans,

but the two most popular ar

1. Axial flow fan (propeller)

2. Radial flow fan (squirrel c*|
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The basic construction shows that

the type of fan is named after the

direction the air flows. If along the

axle, it is called axial flow. If perpendi-

cular to the axle (radius), it is called

radial flow, Fig. 23-13. The blade or
rotor elements are shown in Fig.

23-14 and Fig. 23-15.

S

23-16. A manometer used for measuring air flow in

ducts and also for checking drafts. A. Open ready for

use; B. The flexible tube permits easy storing.

(F. W. Dwyer Mfg. Co.)

23-16. INSTRUMENTS

Because air is invisible, instru-

ments are especially important to

measure air flow and pressure con-
ditions. Thermometers and pressure
gauges are already known to the reader.

Some different instruments especially

useful for air flow study are:

1. Manometer
2. Barometer
3. Pitot Tube
4. Anemometer
5. Smoke as a velocity indicator

6. Kata Thermometer
7. Hot Wire Anemometer

23-17. MANOMETERS

The manometer is a U-shaped tube,

filled with a liquid, Fig. 2 3-16. If there

A =

23-17. A simple manometer in operation. A. Glass

tube; B. Scale; C. Rubber connecting tube; D. Pressure

being measured. The pressure is indicated by the dif-

ference in level of the liquid in the two sides of the

manometer and is usually measured in inches.

is a pressure difference on the two
openings, the column of liquid will

move until the liquid level in the low

pressure side will be high enough so

that its weight and the low pressure will

equal the higher pressure in the other

tube. See Fig. 23-17. The fluid used in

23-18. A dial type manometer. Note that the calibra-

tion is in inches of water. A. Indicates the dial and the

zero adjustment. B. Shows the operating mechanism.

(F. W. Dwyer Mfg. Co.)
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•he manometer may be either mercury
or water. Mercury is used for large

pressure differences and water for low

pressure differences. Duct pressures

usually call for water manometers.
Scale B is usually movable to make it

easier to adjust for the neutral point.

2
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23-19. A simple mercury barometer.

Sudden pressure changes must be

avoided, or the liquid may be forced

out of the manometer.
Manometer scales are based on the

following data:

14.7 psi.r 29.9 in Hg = 34 ft. water

1 in. hg. = .492 psi

1 psi. = 2.034 in. hg.

1 psi. = 2.31 ft. water

1 ft. water - .432 psi

1 in. water ~ .036 psi

Dial type manometers are also

available. They are more portable and

are popular, Fig. 23-18.

23-18. BAROMETER

The barometer is a special form

of a manometer. It is sealed at one

end and uses mercury as the liquid.

Because the pressure height is in-

dependent of the diameter, a single

tube can be used, Fig. 23-19.

This instrument is used to deter-
mine the pressure of the atmosphere
at any particular place or time.

\F?~
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23-20. A pilot tube.

(Am. Soc. of Heating and Air Conditioning Engrs.)

23-19. PITOT TUBES

It is essential that air velocities be

measured accurately in air condition-

ing. One must be able to measure duct

velocities to determine the air volume

and also, to see if the system is operat-

ing close to its design conditions.

One of the best ways to determine

air velocities is to use a pitot tube,

Fig. 23-20. Air contacting the nose of

23-21 An inclined g-ge for use witn p.tot »ube. Th.t

gauge may alio be used for measuring filter pressure

drops. The
Y
unit must be carefully leveled (note the ,p,r,t

level). The liquid level is easily ad|ust.d to th« i.ro

reading.

(F. W. Dwyer Mfg. C
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the pitot tube creates a total pressure,
and the outer tube with the holes on the

side measures the static pressure.
When these two pressures are connect-
ed to the end of a manometer, the dif-

ference in the pressures is the velo-
city pressure An inclined manometer
is used with the pitot tube to measure
the velocity pressure, Fig. 23-21.

This pressure difference is meas-
ured in inches of water. Using the

formula
Velocity - 4050 square root of Velocity

Pressure in inches of water.

If the velocity pressure is 1 inch of

water, the velocity will be:

Velocity - 4050 square root of 1 in.

Velocity r 4050 x 1

Velocity -4050 ft./min.

Volume
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23-24. A direct reading air velocity meter. Note the

air tlow through the instrument from left to right.

linois Testing Laboratories, Inc.)

The instrument can be used to
measure air velocities out of a grille.

Note that a special jet is attached to the
air inlet of the instrument by means of
a flexible tube. The air velocities into
a cold air return are measured as
shown. The jet is connected to the air

outlet connection of Velocimeterinthis
case.

A very important use of the instru-

ment is shown in Fig. 23-26. This jet

can be used to measure velocities in

23-25. Measuring the velocities at a grille. An
i

average

of several readings over the grille face should be taken.

A. Indicates the instruments used at a discharge grille;

B. Indicates the suction opening application.

(Illinois Testing Laboratories, Inc.)

23-26. The direct reading air flow meter being used to

determine the air velocity inside a duct.

(Illinois Testing Laboratories, Inc.)

the main ducts and branch ducts. An

instrument of this type is very neces-

sary to balance air distribution sys-

tems.

The readings are very accurate.

However, for extreme temperatures,

the correct fpm = 460 F. + T x instru-

460 F + 68

ment-reading.

23-21. ANEMOMETERS

If a small propeller is put in an air

stream it will revolve as the air flows

past the blades. Correctly designed,

the propeller will be practically Mo-
tionless and will measure the feet of

air flowing past the blades. If the pro-
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peller is connected to a dial calibrated

in feet, it will indicate the feet of flow.

These devices have a start lever and

also a return to zero lever. To use the

instrument, carefully place it in the air

stream, allow it to reach a constant

speed, then trip the registering mech-
anism. At the same time start a stop

watch. Allow the unit to operate for 1

minute, then trip the stop level and

stop the watch. Record the reading and

the time. From this data the velocity

23-27. An anemometer used for measuring air flow.

(Taylor Instrument Companies)

of the air in feet per minute may be

readily computed. See Fig. 23-27.

If the reading is 236 for | minute,

the velocity will be 452 ft./min.

The pitot tube, the direct reading

velocimeters, and the anemometers
are not accurate at low air velocities.

To obtain correct velocity readings

in a duct, several readings in various

parts of the duct should be taken and

the readings averaged. These readings

must be accurately located, or a false

value will be obtained. See Fig. 23-28.

The rectangular duct is divided into

equal areas, and the pitot tube is put

in the center of each small area. The
sixteen velocities are averaged to ob-

tain the overall average velocity. The
round duct is more difficult to meas-

UBE STATION} INDICATED BY O

*
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23-23. TEMPERATURE

In many air conditioning Installa-

tions, it is necessary to know the tem-
peratures of the heat exchange sur-

faces, the ducts, etc. Almost all tem-
perature indicating instruments are

^

res r*

J
c

23-29. A smoke generator. A. Hydrochloric acid con-

tainer; B. Aqueous ammonia; C. Rubber aspirator bulb.

used for these purposes. A quick read-

ing instrument that is easily used is

shown in Fig. 23-30. This instrument

has a scale from to 600 F. and it

operates on the thermocouple principle.

Other temperature scales are also

available. To use the thermometer
place the end of the adjustable probe

against the surface where the tempera-
ture is to be measured.

23-24. REVIEW QUESTIONS

1. Does air have weight?

2. What is the specific heat of air?

3. What two air conditioning func-

tions can air be used for?

4. How can air produce noise?

« c 1
23-30. A temperatuie measuring instrument for obtain-

ing air and surface temperatures.
(Illinois Testing Laboratories, Inc.)

5. How fast must air be moved to

produce a noticeable draft?

6. What cross section duct is the

most efficient?

7. Name the two popular types of

air circulating fans.

8. What produces air flow?

9. Why do elbows offer a great air

flow resistance?

10. How can air flow in an elbow be

improved?
11. Why must a multiple outlet air

duct be carefully proportioned?

12. Why is water used as a pressure

indicating liquid in manometers?

13. What is a differential mano-

meter?
14. How does one find velocity pres-

sure?

15. Why must one take very careful

readings when measuring duct

velocities?

16. What is air turbulence?

17. What is air stratification?

18. Of what material are ducts

made?
19. What is the basis for the total

pressure drop system 9

20. List several ways to reduce

noise in air ducts.
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Chapter 24

HEAT LOADS

24-1. HEAT GAIN

It is important that the proper size

air conditioning machine be used for the

job it has to do. Fundamentally the air

conditioning unit is a heat machine.
For heating, it must put enough heat into

a space to make up for the heat losses
(heating); for cooling, it must remove as
much heat as the space accumulates
(cooling).

Whenever a temperature difference

exists, heat energy will flow from the

higher temperature to the lower tem-
perature level. It is necessary to

retard this heat flow as much as
possible, because what heat is moved
must be replaced in the case of heat-

ing, or the heat must be removed in the

case of cooling.

The most common method is to

determine the maximum amount of heat

involved for the period of one hour.

24-2. TYPES OF HEAT LOADS

Heat loads consist partly of heat

that is transmitted through the walls,

ceilings, and floors (conduction).

1. From the outside to indoors
(heating).

2. From the inside to outdoors
(cooling).

The heat load also involves the heat

necessary to control the moisture con-
tent in the air.

1. Adding moisture (humidifying

requires additional heat)

2. Removing moisture (dehumidify-

ing requires removal of heat)

The heat load consists of condition-

ing the air that enters the building by

leakage and for ventilation. The sun

produces heat in buildings directly

through the windows, and byheatingthe
|

surfaces it shines on (a cooling load).

Any energy device in the building

produces heat. Such items as light

fixtures, electric motors, electric

stoves or gas stoves; all produce heat.

People, too, release a considerable

amount of heat.

In all cases the heat load can be

described as either sensible heat load

or latent heat load (moisture).

24-3. HEATING LOADS

Heat loads for heating consist of all

those means by which heat will be lost

from a building or to the warming of

cold substances that are brought in to

the building.

The two main heat losses are:

1. Heat lost by conduction through

structure walls, ceilings, and

floors.

2. Heat lost by the air that leaks out

of the building and that which

leaks into the building (exfiltra-

tion and infiltration).

Normally all other heat losses are

ignored, because they are relatively

too small to affect the size of the unit to

be installed.
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Constants For Heat Transmission
Expressed in Btu per hour per square foot per degree temperature difference, based on 15 mph wind >,1<>< it>

AlASONRY CONSTRUCTION

GENERAL WALL CLASSIFICATION
M\SONtn I UK KM--

BRICK—Plain
Plaster ( Y" i Applied Directlv to Brick
%" Plaster on Metal Lath
Yi Plaster on Yi' Rigid Insulation

Yi Plaster on 1" Rigid Insulation
CONCRETE—Plain .

Yi" Plaster Applied Directly to Concrete
%" Plaster on Metal Lath

Yi Plaster on Yi" Rigid Insulation

Yi' Plaster on 1" Rigid Insulation

Yi Plaster. Lath, 2" Space with Rock Wool Fill

HOLLOW TILE—Plain
Yi" Plaster Applied to One Side

% Plaster on Metal Lath
4* Brick Veneer, Hollow Tile. Metal Lath and Plaster (Tile thickness given). . .

.

4" Brick Veneer, Hollow Tile, 2' Rock Wool Fill. Lath and Plaster 'Tile thickness
given

)

.79

.70

.42

.26

.19

.13

8

.50

If.

.16

.40

38
2N

.25

10"

(.:

"i7

.:i7

21

.18

.13

.39

.37

.27

21

II

12'

.31

25
19

II

.10

lb-

.18

.44

.31

.')

.16

.12

21

FRAME CONSTRICTION BRICK VENEER ON FRAME IDNMIIKTIOV

Wood Siding on 1" Wood Sheathing, Studs, Wood
Lath and Plaster 2.">

Wood Siding, Sheathing, Studs, Yi" Rigid Insulation
and Plaster 19

Wood Siding, Sheathing, Studs, Yi Flexible Insula-

tion, Lath and Plaster .15

Wood Siding, Sheathing, Studs, Rock Wool Fill,

Lath and Plaster 072

Note: Frame Walls with Shingle Exterior Finish
same as Walls with Wood Siding.

Stucco, Wood Siding, Studs, W ood Lath and Plaster .30

Stucco on "" Rigid Insulation, Studs, Wood Lath
and Plaster 27

Stucco on j\" Rigid Insulation, Studs, Yi" Rigid
1 Insulation and Plaster 20

Stucco on Yt Rigid Insulation, Studs, Rock Wool
Fill, Lath and Plaster 071

Brick Veneer, 1* Wood Siding, Studs, Lath and
Plaster 27

Brick Veneer, V'" Rigid Insulation, Studs, Lath and
Plaster 25

Brick Veneer, 1" Wood Siding, Studs, '
_• Flexible

Insulation, Lath and Plaster. I' 1

Brick Veneer, 1" Wood Siding, Studs, Rock Wool
Fill. Lath and Plaster 071

INTERIOR W ILLS

Note: In general for Cooling Computations base

the calculations for Heat Gain from adjoining

non-conditioned rooms on a differential equal l"

Yi the differential to outside.

Wood Lath mikI Plaster on Studding Both Bides

Metal Lath unci Plaster on Studding l»>tli sides

Yi Rigid Insulation and Plastei Both Bides

I" Hollow Claj Tile
1" ( iypsum Work
l 1 1> psum Block Plastered one Bide

I Gypsum lili.rk l'la~lcreil Iwilli ^i<l<~

CONCRETE FLOORS AND CEILINGS FIAT ROOKS Willi Bl II T-t I' l«>OMN».

Note : See discussion of attic and roof temperatures
where sun exposure is involved on page 10.

4* Thick Concrete, No Finish 65
'6' Thick Concrete, No Finish 59
A' Concrete, Suspended Plaster Ceiling 37
V Concrete, Suspended Plaster Ceiling 35

1 1" Concrete, Metal Lath and Plaster Ceiling, Hard-
wood Floor on Pine Sub-flooring .23

6* Thick Concrete, Metal Lath and Plaster Ceiling,

Hardwood Floor on Pine Sub-flooring .21

'.4' Concrete, Hardwood and Pine Floor, No Ceiling .31

i6' Concrete. Hardwood and Pine Floor. No Cpiling .30

PITCHED ROOFS

iWood Shingles on Wood Strips 16

Asbestos Shingles on Wood Sheathing 56
Tile or Slate Roofing on Wood Sheathing 56

Wood Shingles, 1" Flexible Insulation between
' Rafters .13

.Asbestos or Slate Shingles, 1" Flexible Insulation. .13

Deck Material

Metal
l.iitb and

No Hauler
Ceiling Oiling

Precast Cement Tile

Precast Cement Tile, 1* Rigid Insula-

I Hi loll

2" Thick Concrete.
2" Thick Concrete, 1" Rigid Insulation

4" Thick Concn U
4" Thick Concrete, 1" Rigid Insulation

1' Wood
2" Wood
Flat Metal Roofs

Flal Metal Roofs I' Rigid Insulation

HI

24

.82

-'I

72

19

.32

.95

I |{ \MI I I <MU<> \M> < I M INCS

WINDOWS VND SKYLIGHTS

Single glass L13
Double glass, intermediate air space ' '

1 Hollow glass tile wall. 6" x 6* x 2" blocks. 60

Hardwood and Pine Flora no ' eiling

Hardwood and Pine Flora u ' ' *
and Plaster Ceiling

Rough Pine Moor. Wood Lath and Plastei I ailing

No Flora I ath and Pla lei Ceffl

V, I i I
,- i Pla terCedi I

k u ""'

I' Ml

No Floor, I... Hi Bnd ' ' «•* '"

Pin
"

Flora I - i:»k "q"I I dl I !! ' ''''"

:\

24-1. U values for walls, ceilings, floors and partitions lor various types of construction and for various

thicknesses.

(American Society of Heating and Air Conditioning Engineers]
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24-4. COOLING LOADS

There are definite sources for heat

gain in warm weather:

1. Heat leakage into the building.

2. Air leakage into the building or

ventilation air.

3. Sun load.

4. Heat from appliances.

5. Heat gain from occupants.

Heat gain is the term applied to heat

gained by a space that is being cooled,

and the heat must be removed to keep

the temperature and humidity at the

values desired.

This heat gain is produced by heat

conduction through the walls, ceilings,

floors, windows, and doors of the

enclosure. Also heat moves into the

room by way of infiltrated air. The

people or any animals in the room also

give off heat. Miscellaneous sources of

heat are electrical devices (lights and

motors), gas burning devices, steam
tables, etc. Another source of heat that

may be considerable in some cases is

heat from the sun or sun effect.

24-5. HEAT LEAKAGE

Heat leakage is that heat that is

conducted through the walls, ceilings,

and floors of the building. If one knew
the heat that would pass through a wall

for each sq. ft., for each degree F.,

and for each hour, it would be only

necessary to find the area of each type

of surface through which the heat is

leaking, and by simple multiplication

to find the total heat leakage. All

building materials have been carefully

tested in laboratories and from this

data one can obtain the amount of heat

that will transfer through almost any

enclosure surface built today. This heat

transfer is called conductivity, and as

there are three general conditions, the

following terms are used.

K is a letter representing the Btu
that will be seen through one sq. ft. of

substance in one hour if there is a tem-
perature difference of one degree Fah-
renheit, and if the insulation is one unit

thick.

Thus the units of K are Btu/sq. ft./

F/ hou rs/ thickness

.

The letter C is used to mean the

heat transfer through a wall made of

different substances.

X
1 __ _
C - K

x

X, x.

c =

K 2

1

K-

X
K K«

2
+
X 3

^2 K 3

The letter U is almost the same as

C, but the value represents the addi-

tional resistances of an air film on

each side of the surface.
1

U=
J_ + ^l_+

X
2

+ ^3_+ 1

f
l

K
l ^2~ K

3
f 2

Where f^ is the heat transfer through

the dead air film.

The U value is the one always used

when determining the heat transfer

through an enclosure surface

U - Btu/ sq.ft./ F/ hour

U is the symbol for leakage air tt
(

air through a complex structure. The I

value for almost every construction car

be obtained from the "Guide," a re-

ference book published by the Society

of Heating and Air Conditioning Engin-

eers. Figure 24-1 is a simplified table

for some of the more common con-

structions.

Therefore, if one knows that the I

factor is .25, that the design tempera-

ture conditions are 70 F. indoors anc

F. outdoors, and that the area it

1200 sq. ft., one may calculate th<

heat load as follows:

Heat LoadzA.rea x Temp. Diff . x U factor

The total area in this case is

8' x 14'- 112 sq. ft.

but the heat transfer through the win
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State

Ala.

Ariz.

Ark.
Calif.

Colo.
Conn.
D. C.
Fla.

Ga.
Idaho
111.

Ind.

Iowa
Kan.
Ky.
La.

Maine
Md.
Mass.
Mich.
Minn.
Miss.
Mo.
Mont.
Neb.
Nev.
N. C.
N. D.
N. H.
N.J.
N. M.
N. Y.
Ohio
Okla.
Ore.
Penna.
R. I.

S. C.
S. D.
Tenn.
Texas
I'tah

Vt.

Va.
Wash.
W. Va.
Wis.
Wvo.

Citi

Mobile
Phoenix
Little Rock
San Francisco

.

Denver
New Haven. .

.

\\ ashington .

Jacksonville .

Atlanta
Boise
Chicago
Indianapolis
Dubuque
Wichita
Louisville

New Orleans
Portland
Baltimore
Boston
Detroit
St. Paul
Vicksburg
St. Louis
Helena
Omaha
Winnemucca . . .

Charlotte
Bismarck
Concord
Atlantic Citj
Santa Fe
New York City.
Cincinnati
Oklahoma City
Portland
Philadelphia
Providence
Charleston . .

Pierre

Nashville
Galveston
Salt Lake City. .

Burlington
Norfolk
Seattle

Parkersburg . . .

Milwaukee
Chevenne

Extreme
Temperatures

I.ov

— l
c

16
—12

27
—29
—14
— 15

10— 8
—28
—23
—25
—32
—22
—20

—21

—18
—24
—41
— 1

—22
—42
—32
—28
— 5
—45
—35

—13
—14
— 17
—17
— 2— 6
—12

7
—40
—13

8
—20
—28

2
3

—27
—25
—38

High

103°

119
108
101
105
101

106
104
103
121
103
106
106
107
107
102
103
105
104
104
104
104
108
103
111
104
103
108
102
104
97
102
105
108
104
106
101
104

112
106
101

105
100
105
98
106
102
100

Mean
Temperatures

January

52°

51
41

50
30
28
33
55
43
30
25
28
19
31

34
54
22
34
28
24
12

48
31

20
22
29
41
8

22
32
29
31
30
36
39
33
29
50
16

39
54

29
19

41

40
32
21

2fi

July

81°

90
81
58
72

72
77

82
78
73
74

76
71

79

79
82
68

72
72
72
81
7<*

66
::

71

78
70
68
72
69
71

75
81
67
76

72
81
::.

79
83
76
70
7')

63
75
70
67

Design < onditiont

^ inter

Dry Bulb
Summer

Drj Hull. W.i hull,

15
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Total Heat Transfer = .27x400x70
Q - .27 x 28000

Q - 7 560 Btu per
hour

- 1200x70x.25
= 2100Btu*sper

hour
The outdoor or ambient temperature

is different for each locality. Figure
24-2 shows the design conditions for

calculating heat loads for heating and
cooling for various regions.

24-6. AREAS

32 plus 32 plus 24 plus 24=64 plus

48 =112 ft.

112 ft. x 8 ft = 996 sq. ft.

This is the total wall area, and the

window area must be subtracted. If the

window area is 116 sq. ft., then the net

wall construction is

996 - 116 =880 sq. ft.

The ceiling area is the width times

the length.

24' x 32' =768 sq. ft.

The floor area will be computed the

same as the ceiling. Note that wall

closet areas, etc. are neglected.

Areas are usually measured on the

inside dimensions of the building.

For rough estimates of the heat

load, the complete building is measured
as one unit. The areas measured are:

1. Walls

2. Windows
3. Ceilings

4. Floors

The walls are measured by taking

the length and width of the house and the

ceiling height. To determine the total

Surface Area U valve Temp.Diff . Heat
Leakage

Wall,
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24-7. WINDOWS AND DOORS

The area of the windows is measur-
ed by measuring the opening in the wall.

In a brick veneer wall, this would be
the distance to the brick edges. Figure
24-4. The windows maybe either single

pane or double pane. The double pane is

usually called storm sash although

some companies are making double

pane panels assembled at the factory.

jiSee table 29-1 for "U" value of

windows.

24-8. CEILINGS

The ceilings are usually made with

a plaster finish fastened to lath, which

in turn is fastened to joists. Variations

in construction using rock lath on other

surface finishes will not change this

calculation to any great extent. If the

joists do not have a floor over them, or

;if there is no insulation between the

joists, the heat leakage will be con-

siderable.

See Table 24-1 for "U" values for

,ceilings.

24-9. DESIGN TEMPERATURES

The design temperatures shown in

Figure 24-2 are the result of con-

siderable testing and the accumulation

of much data. A study of the table

reveals that the places requiring the

llargest heating plant would be Helena,

Montana, and Peirre, South Dakota.

Those places needing the least heat are

San Francisco, California and Jackson-

ville, Florida. There are places colder

and warmer than these places, and the

local weather bureau or the local

chapter of the Society of Heating and

'Air Conditioning Engineers can be

contacted for local data.

It is always best to choose design
.ambient temperatures on the low side,

Ibecause heating plants that are over-

24-5. A brick veneer wall construction. A. Brick; B.

Outside vapor barrier; C. Sheathing; D. Stud and in-

sulation; E. Inside vapor barrier; F. Lath; G. Plaster.

worked cause excessive stack and

chimney temperatures and may cause

fires.

The design temperature is neveras

low as the lowest temperature recorded

for the area, as these extreme lows

are usually of short duration. The

residual heat in the building enables

the design temperature to handle the

load.

24-10. WALL CONSTRUCTION

The wall construction of a building

has been altered in the past few years

to reduce heat leakage and to reduce

moisture passage through the wall

structure. Figure 24-5. During the

heating season, the inside vaporbarrier

(E) is all that is necessary, while in

summer this outside vapor barrier (H)

is necessary. These barriers should bi-

as tightly sealed as possible even to the

extent of tarring the breaks In the seal.

The barriers may be made of tarred

paper or aluminum foil. The aluminum

foil has a reflection value as well as

being a vapor tight seal.
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24-11. UNHEATED SPACES

Many spaces in a building are not

heated. They receive their heat from
heat leakage through the partitions,

ceilings, and floors. These spaces are

usually assumed to be at a temperature
half the distance between the indoor

temperature and the ambient tempera-
ture.

24-12. INFILTRATION

Because buildings are not air tight,

air leaks into a building if there is any

air pressure difference, and the air also

leaks out during these times. The air

pressure difference is usually caused

by wind. Those parts of the building

24-6. A diagram illustrating how wind direction affect*

air leakage into and out of a house.

that the wind is pressing against are

those areas through which the air leaks

in. The remaining areas are those

areas through which the air leaks out.

Figure 24-6.

During the heating season, the cold

air that filters in must be heated, and

the air that leaks out represents lost

heat. During the cooling season, the

warm air that filters in must be cooled,

and the cooled air that filters out is

lost. If the building can be sealed, this

infiltration and exfiltration can be min-
imized, but one must be careful to

always provide enough fresh air for

ventilation purposes.

Type of Space No . of air
changes/hr.

1 side exposed 1

2 sides exposed 1 1/2

3 sides exposed 2

4 sides exposed 2

Entrances 2-3

24-7. Approximate number of air changes per hour for

various room exposures.

Another method to prevent infiltra-

tion is to maintain a positive air pres-

sure within the building, and thus air

filters out at the cracks and openings

in the building. This practice necessit-

ates a special fresh air intake, and

this air must be conditioned before it

is admitted to the building.

Infiltration can be calculated on the

total volume of the building basis orby
measuring the length and size of all the

cracks in the building. Figure 24-7 lists

the air changes in buildings. If a build-

ing has a volume of 10,000 cu. ft., it

\

W E

\

7AM

24-8. The sun rays and their impact on the walls of a

building during a 12 hour period.

will have at least 10,000 cu. ft. of

fresh air filter in per hour. If six

people occupy this space, there is

10,000-|-6 or 1667 cu. ft. per hour for

each person or 1667-^-60 Z 27.7 cu. ft.
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per minute which is a very good

ventilating value. If this building is

constructed with vapor barriers, and

all doors and windows are fitted with

weather stripping, this air change will

be reduced considerably. It may even

be reduced to the point of unsafe

ventilation.

24-13. SUN HEAT LOAD

The heat energy that comes from
the sun adds considerable to the total

heat load during the summer. The

sun's rays shine on the east wall, the

south wall, the west wall, and on those

roof sections that are open to its rays.

Therefore, the heat from the sun must

be considered on the east wall in the

morning, on the south wall all day long,

and on the west wall in the afternoon.

Figure 24-8.

The sun releases different amounts

of heat to surfaces depending upon the

part of the world in which the building

is located. The approximate maximum

Exposure



MODERN REFRIGERATION, AIR CONDITIONING

Sun 8 to 9 goes into the rooms 11-12

9 to 10 goes into the rooms 12-1

10 to 11 goes into the rooms 1-2

Likewise, the west wall that re-

ceives sun rays from 4 to 7 P.M. acts

as follows:

Sun 4-5 goes into the rooms 7-8

Sun 5-6 goes into the rooms 8-9

Sun 6-7 goes into the rooms 9-10

It is also because of this heat lag

that the rooms are being heated even

after the sun goes below the horizon,

and when the outdoor temperature

drops. Many people complain of the

uncomfortable heat in their bedrooms,

etc., up to as late as 12 midnight and

even 1 and 2 A.M.

24-15. ATTIC FAN

One inexpensive solution to this de-

layed heating is the attic fan. The attic

fan exhausts the air of the building

allowing the cooled evening outside air

to free itself into the house. This cool-

ing effect partly overcomes the effect

of the heated walls and ceiling. How-
ever, this exhaust fan system does have

the disadvantage of bringing consider-

able outdoor dust into the building.

WE. ST WALL

24-10. The lag in noticeable interior wall temperature
following exposure to the sun.

24-16. HEAT SOURCES IN
BUILDINGS

During the heating season, the heat-

ing plant is aided by many other

sources of heat. Practically all the

energy expended in the building finally

becomes heat. These heat sources are

usually ignored when figuring the heat

load in the winter, because they are
small compared to the total heat load

in temperate zones and are an addition-

al safety factor.

However, when one is figuring the

summer heat load or the cooling heat

load, all sources of heat energy must
be carefully considered. Such items
as the heat released by human beings,

stoves, lights, electric motors, etc.,

must all be considered in the final heat

load. Figure 24-11. Notice that the two
sources of heat are itemized, the sen-

sible heat gain and the latent heat gain.

Because the efficiency of an electric

motor is less when the motor is small,

the i HP motor releases 2100 Btu/hr •

when a |HP ideal motor would release

only 1273.

24-17. INSULATION

A large number of different in-

sulations has been developed for build-

ings. It is essential that the insulation

reduce heat loss by conduction, con-

vection, and radiation. It is also im-
portant that vapor barriers be included

in the insulation or in the walls to

reduce moisture travel through the

wall.

The insulation must have sufficient

strength so that it can support itself

and will not shrink or settle. It must not

deteriorate in the presence of moisture,

and it must not have any unpleasant

odor. It should be vermin proof.

The type of insulation depends on the

method of application. For example,

bulk easy flowing insulation can be

placed between the studs of a building

already constructed. Rigid insulation

can be used as a part of the building

wall, such as the plaster base or as a

substitute for the ship lap sheeting.

Flexible insulations are easily in-

stalled and conform to any irregular-
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Device
Heat-B.T.U./hr.

Sensible Latent

Electric
Lights/kwhr *_ 34,15

Motors, electric/H.P. in room - 1/2 4200
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Insulated roof

sq. ft. x 8 =

3. Uninsulated roof

sq. ft. x 20 =

Ventilation Load
cu. ft. x .4 -

Occupancy Load

No. of people_

Miscellaneous Load

Electrical watts

Other

x 400 -

3.4-

Total Btu. per hour

The average window type comfort

cooling unit will adequately handle the

heat loads as follows:

Up to 6000 Btu/hr. = 1/2 H.P.

6000 - 9000 = 3/4 H.P.

9000 - 11,000 = 1 H.P.

The multipliers in the tabulation

are obtained by multiplying a typical

A factor by the temperature difference.

For example, the windows (no sun) have

a U factor of 1.2 5 and if the tempera-

ture difference is about 12 F., therefore

the multiplier becomes 15.

24-19. REVIEW QUESTIONS

1. What are the two main sections of

the heating load?

2. What are the main sources of

heat that cause cooling load?

3. What are the variables for cal-

culating heat leakage?

4. How are window sizes dimen-

sions chosen?

5. Is the heating design outdoor

temperature the coldest tem-

perature recorded?

6. How are storage closets handled

when figuring the heating load?

7. How are unheated spaces

accounted for when figuring heat-

ing loads?

8. Describe infiltration and exfil-

t ration.

9. What is meant by having a pos-

itive air pressure in the build-

ing?

10. What building walls are affected

by the sun (42nd parallel)?

11. How is the sun effect usually

included in cooling load calcula-

tions?

12. Does sun load on the walls anc

windows affect the heat load a1

the same time?

13. What is heat lag in a building?

14. Describe the insulation ability

of one sheet of aluminum on th*

basis of conduction, convection

and radiation.

15. What is an air film?
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Chapter 25

AIR CONDITIONING

SYSTEMS AND CONTROLS

Air conditioning systems are de-

pendent on heat sources, cooling de-

vices, filtering devices and the control

of humidity. The training in each of

these devices and the operation of their

i individual controls constitute the in-

formation contained in this chapter.

25-1. TYPES OF SYSTEMS

A complete automatic air condition-

ing system that satisfactorily performs

all the functions of air conditioning is

difficult to achieve. Most of the sys-

tems available today are compromises

in one form or another. The two most

difficult results to obtain are air clean-

ing and proper humidity.

Most air conditioning systems are

partial systems. That is also the unit for

heating, humidifying, cleaning, and dis-

tributing; or, the unit is for cooling,

dehumidifying, cleaning, and distribut-

ing. Most of the systems are only

semi-automatic, or only some of the

operations are completely automatic.

25-2. AIR-CONDITIONING
EQUIPMENT

Air-conditioning equipment may be

divided into six headings:

1. Heating facilities

2. Humidifying equipment

3. Filtering and cleaning equipment

4. Circulating equipment

5. Dehumidifying equipment

6. Cooling equipment

Normally, not all of these devices

are in use at the same time. During

the summer we do not use heating or

humidifying equipment, but rather use

the cooling and the dehumidifying equip-

ment. In the winter we use the heating

and the humidifying equipment. The

other parts such as filtering, cleaning

equipment, and circulating equipment

are used the year round. Complete air-

conditioning equipment may be con-

structed in three different forms:

1. The entire air conditioning plant

may be located in the basement

and conditioned air circulated

throughout the building.

2. The heating and cooling equip-

ment (refrigeration) may be

located in the basement, hut pipe

lines constructed throughout the

building carry the heating and

cooling mediums to the various

rooms. Small ducts in this

usually provide ample ventilation

and air circulation.

3. Unit installations have a com-

plete plant located in each room.

Such plants usually contain hum-

idifying and dehumidifying equip-

ment, as well as heating, cooling,

and air circulating equipment,

although the h«-at source m I
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25-3.

outside the room if the installa-

tion uses steam or hot water for

its heating medium.

AIR-CONDITIONING
STRUCTURES

It has been predicted that air-con-

ditioning will be a tremendous factor

in our economic growth. However, the

air-conditioning of many homes and

other structures presents some in-

sulation problems which must be solved

in order that the operating cost of the

air-conditioning equipment will not be

too high. Since air-conditioning implies

controlled temperature and humidity,

such factors as heat leakage by con-

duction or convection are important

factors.

Air-conditioned structures should

be very well insulated in order to

eliminate conduction through the walls.

All dead air spaces in walls, particular-

ly outside walls, should be thoroughly

sealed in order to eliminate convection.

Roofs and ceilings particularly should

be heavily insulated. For summer air-

conditioning in addition to the above, it

is often desirable to put on awnings to

keep the sun from shining through the

windows, and increasing the heat load

on the cooling plant. If possible, roofs

should be painted a light color in order

that as little radiant heat may be

absorbed as possible. Double windows
should be installed if a very great

temperature difference is to be main-
tained. All doors and windows should

be kept closed in order that very little

of the conditioned air will be allowed to

escape; however, an adequate and con-

trolled air change is necessary to keep

the air-conditioned space healthful.

25-4. HEATING EQUIPMENT FOR
AIR-CONDITIONING

Heating equipment must be entirely

automatic in its operation. The source

of the heat may be coal, oil, gas, or

the heat pump and the choice will be 1

governed largely by the location and

equipment available. In plants in which

a central plant is built into the base-

ment and the air circulated throughout I

the structure, it will be necessary to

carefully filter and clean the air as it

is circulated. With steam heating

plants, radiator or heating coils are

usually incorporated in the room air-

conditioning units; and the necessary I

humidifying and filtering are done in
|

each room unit.

25-5. COAL FURNACES

One of the oldest fuels used for

heating is coal. There are two kinds of

coal, bituminous (soft) and anthracite
(hard). The soft coals are more com-
monly used. When completely burned,'

this coal will release between 11, 500 to

14,500 Btu/lb. The heat is formed by'

the oxidation of carbon and hydrogen.
Most coal has an ash content. The ash
varies from 3^ to 13%.

Hand fired coal furnaces are not

very efficient. They vary between 2 5 to

50% efficiency. Stoker fired furnaces 1

vary between 50 and 80% efficiency.

A stoker which feeds its coal from
the coal bin automatically is shown in

Fig. 2 5-1. It is electrically controlled

by a thermostat, a limit control, and a

controller which keeps the fire alive in

mild weather. The worm F driven
through a gear reduction in D removes
coal from the coal bin, feeds it to the

tuyeres B where combustion takes

place. A is special down draft jet or

duct which increases combustion effic-

iency and helps maintain a better mild

weather low fire. C is a pressure
operated draft control. It controls the

volume air as needed and closes during

off cycles to aid banking the fire.

The housing D contains the electric

motor, the gear reduction unit to obtain

correct worm speeds and the belts and
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^an for the forced draft. The access
plate at E enables one to easily remove
any obstruction that may lodge in the

feed worm. Shear pins' are installed in

the gear reduction drive to disconnect

25-1. A stoker. This unit has an automatic feed from

the bin. A. Air jet; B. Tuyeres; C. Draft control; D.

Housing containing motor, gear box, and fan; E. Access

plate; F. Coal bin worm.
(Iron Fireman Mfg. Co.)

the motor from the worm if the turning

load becomes excessive. Fig. 25-2

shows a stoker installed in a furnace

and a coal bin.

A typical installation diagram of a
gun-type oil burner is shown in Fig.
25-3. Thi~ installation has the oil

storage tank located in the basement.
The oil is fed under a definite

pressure, 80 to 100 psig, to a nozzle.
Air is forced into the furnace through a

tube that surrounds this nozzle. The air

25-6. OIL FURNACES

25-3. A typical oil storage tank installation in a base-

ment.

(Webster Electric Co)

A very popular method of heating

residences and small commercial

buildings is the oil fired furnace. The

two most common oil burners are the

gun type, and the rotary type.

The gun type burner forces oil

under pressure through definite size

orifices. The oil is broken into finely

divided particles (atomized) and it is

then mixed with air that is forced into

the combustion chamber by a blower

in the same unit.

25-4. A medium pressure gun type oil burner. A. Motor;

B. Ignition transformer; C. Air and oil nonlei.

(Gilbert & Barker Mfg. Co.)

UJ_ i\
:
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-

25-2. A cross sectional view of a stoker installed in a furnace and a coal bin

(Iron Fireman Mfg. Co.)
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25-5. A sectional view of a gun oil burner. A. Two stage

oil pump; B. Air blower; C. Adjustable stand.

(Fedders-Quigan Corp.)

is usually twisted in one direction and

the oil is given a twist in the opposite

direction. The nozzle should be care-

fully centered in the housing. The

ignition transformer furnishes a high

tension spark between two electrodes

located near the front of the nozzle.

See Fig. 25-4 and Fig. 25-5. The
burner shown has a two-stage oil pump.
Note that the same electric motor
drives the pump and the air blower.

25-6. A single stage rotary fuel pump for gun type oil

burners. A. Shaft; B. Seal. Note the large screen

mounted around the pump. The pressure regulator is

located underneath.

(Sundstrand Machine Tool Co.)

The oil pump has a pressure regulator

built into it. This regulator not only

controls the oil pressure but it shuts off

the oil flow to the nozzle the instant the

unit shuts off and prevents oil dripping

at the nozzle.

Several types of oil pumps are used
in the gun oil burners including the

gear type, and the rotary type. These
pumps come in either single stage or

two stage models. The single stage

pump is used in the single pipe sys-
tem, Fig. 25-6.

This system carries the fuel oil

from the tank, through the screen, and

into the pressure regulator and relief

valve. The pump is rotating contra-

clockwise and the oil flow is from left

to right. The oil leaves the upper
center of the pressure regulator and

passes to the gun nozzle, Fig. 25-7.

Many systems use the two-stage

fuel oil pump. It is a necessary pump
when the two-pipe system is used and

part of the oil is returned to the fuel

tank. This unit is necessary where the

pump has to lift the oil above the bot-

tom of the fuel tank, Fig. 25-8. Its

principle of operation is shown in Fig.

25-9. The intake from the tank isatthe

top. The oil passes through the first

stage into the regulator and back to the

tank. It can handle both fuel oil and air.

The second stage removes only oil

from the strainer chamber and pumps
it into the regulator. When sufficient

pressure is created the regulator will

open and feed to the oil nozzle. Excess

oil is returned to the strainer chamber.
Details of the relief valve can be

seen in Fig. 25-10. The oil pressure

creates a force against the piston.

When this force equals the compression
spring force, the piston will move to

the right and permit oil to flow to the

nozzle.

The gear type oil pump is also

available in both the single stage and

two stage models. Fig. 25-11 shows the

external appearance of a single stage
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25-7. A schematic diagram of the fuel oil flow through

a single stage oil pump.
(Sundstrand Machine Tool Co.)

25-8. A two-stage fuel oil pump for two pipe oil burners.

(Sundstrand Machine Tool Co.)

SUNDSTRAND
ROTA- ROLL PUMP

25-9. A schematic diagram of the operation of a two-

stage fuel oil pump using a two pipe system.

(Sundstrand Machine Tool Co.)

25-10 A cutaway of the relief valve for a fuel oil pump.

A. Oil outlet to the nozzle; B. Pressure regulating screw.

(Sundstrand Machine Tool Co.)

gear pump. The operation of this single

stage pump is shown in Fig. 25-12. The

fuel oil passes through the strainer (D)

out through the silencer orifice (O) Into

the vacuum chamber (A). It passes into

the gear pump, then enters the pres-

sure regulator. When sufficient pr •

-

sure is produced the piston valve is

raised and oil flows to the nozzle.

Cushions are used to insure more even

oil flow (B). If the pressure tends to

rise, the piston valve guide will m<

up more and the excess oil will return
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to the bottom of the strainer chamber
to be recirculated.

The gun type oil burner is a very

efficient heating unit. However, it must

be maintained carefully to give peak

performance. An experienced service

man should check, clean and adjust the

system each year. Some of the im-
portant items to check are shown in

Fig. 25-13.

25-11. A single stage gear pump for gun type oil

burners. A. Shaft; B. Alternate inlet; C. Inlet; D. By-pass;

return pipe is connected here for two pipe system; E.

Nozzle pipe connection; F. Pressure adjusting screw.

The pressure gauge fitting is just above the nozzle fitting

on the far side.

(Webster Electric Co.)

Gun type oil burners are also avail-

able in low pressure models. In these

units the oil is mixed with air before it

reaches the nozzle or the oil is aided

in its atomizing by a slinger arrange-
ment. The viscosity of the oil used is

important. Viscosity means the ease of

flow. Important things to consider are

the impurities in the oil and the quan-

tity of heavy carbons in the oil. Such

impurities as sulphur form corrosive

chemicals in the stack.

Oil has a heating value of approxi-

mately 140,000 Btu/gal.

It is important to remember that

oil will not burn while it is in the

liquid form. It must be vaporized and

turned into a gas. To vaporize oil heat

must be added to the oil (latent heat of

vaporization). The oil will turn into a

gas quicker and easier if it is finely

divided (sprayed). This spraying pro-

cess is called atomizing. The gun type

oil burners accomplish the atomizing

by forcing oil into a twisting, spiralling,

and turbulent air stream. A small

amount of heat (electric spark) will turn

a few of the finely divided particles

into gas and the burning will start.

In the rotary burner the oil is

PRESSURE ADJUSTING SCREW
FOR 7 PIPE SYSTEM
ROTATE COVER ISO*

PISTON VALVE
AND GUIDE

PRESSURE GAGE
PORT OR
AIR BLEED

VACUUM GAGE
PORT OR
OPTIONAL INLE1

25-12. A schematic diagram of the oil flow in a single stage gear type fuel oil pump. A. Vacuum chamber;

Oil pressure cushions; C. By-pass chamber; D. Strainer; O. Silencer orifice.

(Webster Electric Co.)
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25-13. Six main items to check at the start of each heating season. I. Check the h t^ff valve

and line filter. Replace or clean cartridge in line filter ,f dirty. Be ™**?» n

m̂™J*r-
2. Check the noJe assembly. Clean the nonle according to m

J

nuf"»" r

%Vh"kT eonnw-
3. Check the strainer. Clean the strainer using clean fuel o.l or kerosene_ 4

" ^ p
" 5

tions. Tighten all the connections and fittings in the .ntake l.r» -^ "»^ -^ ,^ . "

1 50

(Sundstrand Machine Tool Co.)
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thrown, by centrifugal force from a

motor driven rotary disc or slinger,

against red hot stainless steel plates

which vaporizes the oil completely. The

combusion takes place at the point of

vaporization and a very clean flame

results, Fig. 25-14.

Space type oil burners use a "pot"

type burner. The level of oil in the

burner pot is controlled by a float and

needle valve similar to the float and

needle in an automobile carburetor.

Vaporization takes place from the heat-

ed surface of the oil in the pot.

The main parts of a pressure or gun

type burner are: the motor, the oil

pump, the fans, the nozzle, the air tube,

and the ignition system.

The motor is usually a split-phase

1/6 H.P. motor that provides power for

both the fan and the fuel pump. It must

be oiled at least once each six months.

The motor is electrically connected to

the master oil burner control and uses

HO-V-60 cycle electricity.

The fan is usually the radial flow

type and it has adjustable air inlet

openings. These openings are adjusted

until the flame burns a yellow color.

25-14. A rotary type oil burner.

The oil pump is connected to the

motor by means of a flexible coupling.

An oil seal is mounted on the shaft

where the shaft enters the oil pump
body. An oil inlet fitting is mounted
in the pump housing and a strainer is

mounted in the inlet. This strainer

usually is made of Monel metal and is

100 mesh. It can be cleaned with a

small quantity of thinner. The pump
then imposes a pressure on the oil and

moves it through a pressure regulator

to the nozzle tube. The pressure re-

gulator is adjustable and it is usually

adjusted to 100 psig pressure. These

PRIMARY

HEATING
SURFACES
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center of the air tube.

* Oil burners need approximately 40%
excess air.

>*

25-7. GAS BURNERS

Gas is being used at an ever in-

creasing rate as a heating fuel. The
gas is piped into the building. It is

usually fed to the furnace at a 4 to 6 in.

water column pressure. A pressure

regulator reduces the pressure to ap-

proximately 2 in. water and a solenoid

valve turns the main gas flow to the

furnace burners on and off. This sole-

. noid valve is operated from the house

electrical current either from the line

direct or through a transformer operat-

ing at a reduced voltage. Some solenoid

valves are operated by the current

generated by a thermocouple located

near the pilot light; these do not re-

quire any connection to the house

i
current.

The burner may be made of steel

pipe or a casting. It may be either of

the multiple jet or orifice type or it

may be the one opening type with a

deflector plate, Fig. 25-15.

The natural gas most commonly

used has a heating value varying be-

tween 950 Btu/cu. ft. tol200Btu/cu.ft.

This gas contains approximately 80 to

95 percent methane, up to 5 percent

i
carbon dioxide and up to 14 percent

nitrogen. Manufactured gas has a heat-

ing value of about 525 Btu/cu. ft.

The burners are of simple design.

The gas is fed through an orifice and

! is mixed with a certain amount of air

(primary air). The mixture passes to

the burner orifices where combustion

takes place and where the gas mixes

with the secondary air. As much as 35

percent excess air is fed to the burner

to insure thorough combustion.

Because both oil and gas contain

small amounts of sulphur and because

one of the products of combustion is

water (steam) one must keep the stack

or chimney warm enough to prevent
condensation. If condensation takes
place sulphurous acid is formed caus-
ing corrosion.

Practically all cities have code re-
quirements for the installation of heat-
ing equipment. It is very important that

this code be known and followed, other-
wise unsafe conditions may exist.

25-8. ELECTRICAL HEATERS

Electricity can be used for heating.

The electricity can be used to heat the

air by means of resistances. Heating

directly with electricity is expensive -

one kilowatt hour releases 3.413 Btu/

hr. It would cost approximately 60

cents per hour compared to 8 cents per

hour for oil. (100% efficiency).

However, electricity can be used to

drive a heat pump and the method

produces three to four times the heat

that the direct method produces. The

heat pump will then operate at about

15 cents per hour in the above sample.

The heat pump is described in

Chapter 26.

Electrically heated glass panels or

wall panels may be used to serve as

sources of auxiliary heat.

Some systems have been built that

furnish 40 to 50% of the heat with

radiant heat and the remainder by

means of conditioned circulated air.

These split systems prevent cold floors

and/ or cold walls while also providing

sufficient conditioned air for comfort

and health.

25-9 COOLING EQUIPMENT FOR
AIR-CONDITIONING
PURPOSES

The cooling equipment usually con-

sists of refrigeration coils; these coils

are maintained at temperatures of 40 to

50 F. and the air to be conditioned is

blown past them. Such coils constitute

a considerable refrigeration load. Re-

frigerated coils serve as flehumidifi-rs
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of the air circulating past them (if the

humidity is high), since some of the air

will be cooled below the dew point and

the excess moisture will be condensed
out on the coils. This leaves the con-

ditioned air both cooler and with less

moisture. However, the cooled air is at

100% relative humidity and the cooled

air must be mixed with other air to

reduce the total relative humidity and

eliminate the damp feeling. Naturally,

adequate drains must be provided to

carry away the moisture condensed on

the cooling coils. Some air-conditioning

plants use ice for the cooling medium,
particularly if cooling is only needed

for a comparatively few days of the

25-16. A dehumidifier installed in a basement. It re-

duces the relative humidtiy at small cost.

(International Harvester Co.)

year. Cold water from streams or

wells may also be used for the cooling

coils. The water should be 50 F. or

colder, however, to produce any de-

humidification. Most air-conditioning

installations use automatic mechanical

or absorption refrigeration as the cool-

ing means.

25-10. AIR CLEANING AND
FILTERING EQUIPMENT

This equipment usually consists of

dry or moist filters of fibrous material

through which the air is forced; the

fibrous material removes most of the

particles of dust and other harmful
ingredients. Water sprays are often

used to clean the air. These sprays

may also serve to either humidify the

air or dehumidify the air to some
extent. In the winter water sprays, if

they are kept fairly warm, will add

considerable moisture to the dry air;

in the summer if the spray water is

kept cold it will tend to take moisture
out of the air. Therefore, it serves to

humidify, dehumidify, and clean.

Most air cleaning and filtering

equipment must be cleaned periodically

if it is to be efficient. See Chapter 23:

25-11. HUMIDIFYING AND
DEHUMIDIFYING
EQUIPMENT

Humidifying equipment usually con-

sists of a heated water surface over

which conditioned air is forced to pass

and moisture is picked up from the

surface, depending upon the degree of

humidifying required.

Dehumidifying equipment may con-

sist of cold coil surfaces over which

air is blown and the moisture is con-

densed out by coming in contact with the

cold coils.

In some installations, certain chem-
icals are used which have the property

of absorbing moisture from the air. In

case chemicals are used, the chemicals

are usually cycled in such a way that

first the moisture from the air is

absorbed into the chemical. Then the

chemicals are heated, and the moisture

is driven out-of-doors to put the chem-
icals in a condition to absorb moisture

again.

A mechanism which performs a

dehumidifying function is known as the

dehumidifier, Fig. 25-16. This unit is

usually a small hermetic refrigerating

system that encloses in a cabinet both

the condenser and cooling coil. The air

is drawn over the cooling coil and after

it is cooled below its dew point tem-
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nerature, the cooled air is moved over

the condenser to reheat it to a reason-

able relative humidity. The device is

I
used to reduce the moisture cjontent in

air. It is useful in basements and other

damp places, Fig. 25-17. A container

25-17. A phantom view of a dehumidifier. The first

pass of the finned coil near the fan is the cooling and

dehumidifying coil while the next pass is the condenser.

Either a pail or a direct drain can be used to remove

the condensate.

(International Harvester Co.)

is used to collect the condensate. The
condensate can also be drained directly

to the building drains.

It should be remembered that most
air-conditioning installations are

engineering problems and that adequate

calculations and specifications must be

given; otherwise the system will not

function satisfactorily.

The following represent some typi-

cal air-conditioning installations:

25-12. THE CENTRAL AIR-
CONDITIONING PLANT

Fig. 25-18 illustrates a conventional

iduct air-conditioning system in which

the entire plant is located in the base-

ment and the conditioned air is cir-

culated through ducts to the various

rooms. Large plants of this type usually

generate steam in a heating plant which
circulates through coils in the air-con-
ditioner for heating purposes. Small
plants such as those used in small and
medium size homes may be of the direct
heating type in which heating of the air

25-18. A typical central or duct air conditioning plant.

A. Filter; B. Heating coil; C. Cooling coil; D. Eliminator

plates and moisture drain; E. Centrifugal fan and motor;

F. Heatcontrol and shut-off; G. Refrigerant control and

shut-off; H. Water spray control and shut-off; I. Fresh

air control; J. Return air control and damper; K. and L.

Conditioned air dampers and controls; M. Conditioned

air inlet; N. Return air register; O. Room control; P.

Refrigerating unit; 0- Double window; R. Insulated mat',

S. By-pass and control.

is accomplished directly from the fur-

nace. In this case, accurate control of

the furnace fire is necessary. The

refrigeration plant for summer cooling

usually uses a water-cooled condensing

unit. These coils also dehumidify the

air, and provision is made to drain

away the moisture condensed from the

air.

In Fig. 25-18 the ideal system \m

simply illustrated. Note that there
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25-21. A water chiller refrigerating mechanism. A. Oil separator; B. Receiver; C. Water cooling coil.

(Airtemp Div., Chrysler Corp.)
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25-22. A remote air-conditioned plant.

used for many industrial processing

installations. The unit is shown in

Fig. 2 5-21. A direct drive five cylinder

radial compressor is used. The com-
pressor discharge gas goes through the

oil separator (A) into the shell and tube

condenser (B) to the water cooler ((')

after passing through the h

exchanger. The large pipe on the left Is

the suction line. The three gauges shown

are the suction pressure, the nil pr

sure and the high pressure gauges. I he
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two electrical control boxes contain the

basic control on the left and the con-

trollers on the right.

25-13. REMOTE COMFORT
COOLING PLANT

The remote air-conditioning plant

provides a refrigerating plant in the

basement. The heating and refrigera-

tion lines are then run to air-condition-

ing units in each room to be air-

conditioned. Fig. 25-22 illustrates a

remote air-conditioning plant. Such an

installation operates with a pressure

DISCHARGE
GRILLES

CIRCULATING FAN (ADJUSTABLE)-

COOL DEHUMIDIFIED

25-23. A sectional view of an air cooled console model
comfort cooler.

(Remington Air Conditioning, Div. of Remington Corp.)

motor control on the condensing unit.

Individual thermostats are connected

in each room to each air-conditioning

room unit. A solenoid valve controls

the refrigerant flow to the unit.

This valve is connected to the room
temperature control, which controls

both a fan and the solenoid refrigerant

valve in the room unit in such a

manner that liquid refrigerant to the

room unit is turned on when the fan

starts in the unit and is shut off when <

the fan stops. Some units use a thermo-
stat to control the refrigerant solenoid

valve only, while the fan runs con-

tinuously. Note that the thermostat

circuit is 20 volts and the fan motor
and compressor motor are 110-volt

circuits. A thermostatic expansion

valve refrigerant control is usually

used. In large installations, multiple

coils and several expansion valves are

used.

Since the cooling coils are located

in the room which. is being air-condi-

tioned, provision must be made to dis-

pose of the moisture condensed out of

the air in the summer. This is usually

accomplished by connecting the unit to

an open water drain by means of ^-inch

copper pipe.

Air filters must be provided in these

units.

25-14. UNIT COMFORT COOLERS

Unit air-conditioners are of two

types: (1) one type provides only com-
fort cooling for summer; (2) the other

type provides both summer cooling

and winter heating. Both types have r

complete refrigeration plant included,

i.e., condensing unit, refrigerant

valves, and cooling coils. Individua

room thermostats control the units.

Filtering equipment is also a part o.

the system.

The console models may have either

water-cooled or air-cooled condensing

units. Air-cooled models aregainingin

popularity due to water restrictions.

Fig. 2 5-23 shows an air-cooled console

unit. Note how the condensate from the

cooling coil is entrained in the con-

denser air. Two separate motors drive

the radial flow fans. Fresh air or

ventilating air is by-passed from the ail

just as it leaves the condenser fan.

Some of the console models have a

complete refrigerating system, a fil-
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; tering system and a cooling coil. See

)*Fig. 25-24.

This unit is a large self-contained

; comfort cooler with provisions to add a

• heating coil if the user desires. This

I
unit is of eleven (11) tons capacity. The

.' inner construction is shown in Fig.

: 25-25. The thermostatic expansion

25-24. A self-contained console type comfort cooling

; air conditioner. The air intake is in the middle and the

conditioned air is discharged out the top grilles.

(Airtemp Div., Chrysler Corp.)

i

valves are of the distributor tube type.

'• Note the equalizer tube connections to

the suction line just to the right of the

flexible pipe. The condenser consists

of two vertical shell and tube water

cooled units.

The details of the motor compressor
are shown in Fig. 25-26. This unit is

of two or three tons capacity. The four

i radial cylinders are located at the

bottom of the unit and the motor is at

the top. The suction line is fastened to

i the top center and the compressor

discharge is located at the four bolt

opening at the lower right. The glass

sight port at the bottom is used to check

the oil level. The condenser is either

water-cooled or air-cooled. If air-

cooled, a duct is used to bring in

outside air and to discharge this air

:
outdoors again. See Fig. 25-27.

25-25. An air conditioning unit with front panels re-

moved. Condensing unit, five cylinder hermetic com-

pressor, water cooled condenser and fan motor are

located in base. Cooling coils are mounted in back of

filters and double radial flow fans are located at top.

A steam coil can be mounted just below blowers if

heating is desired.

(Airtemp Div., Chrysler Corp.)

25-26. A motor-compressor hermetic unit for 2 and 3

ton packaged comfort coolinq syttomi

(Airtemp Div.. Chrysler C
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25-27. A console type air conditioner being assembled.

It is being checked for leaks with an electronic leak

detector.

(General Electric Co.)

25-28. A window type comfort-cooling unit.

(International Harvester Co.)

The water-cooled units require

plumbing connections to both fresh

water and a drain. The drain is also

used to take care of the moisture

condensed out of the air by the cooling

coil in the summer. One company has

developed a special three-flue rubber
hose for this purpose which permits
moving the unit quickly from room to

room. Such a unit does not usually

provide winter conditioning facilities.

Another popular type is the window
mounted, or wall mounted comfort
cooler. This unit mounts on a window
sill for ease of installation. Fig. 2 5-28.

Such units are of the 1/3, 1/2, 3/4 and

1 ton capacity. The condenser is located

in that part of the cabinet that extends

outside the building. Outside air is

forced over the coil by a fan. Inside the

room another fan draws air in through

a fibrous filter and forces it over the

cooling coil. The two radial flow fans

are usually driven by the same motor.

A window unit that uses two separate

compressors for variable capacity pur-

poses is shown in Fig. 25-29.

Window units are available in

several models. One model cools the

air, filters the air, and has a fresh air

intake. Another model has these same
devices but in addition has anelectrical

resistance heating unit to furnish heat

for fringe temperature conditions. Still

a third type uses a reverse cycle

system to permit the use of the re-

frigerating units as a comfort cooling

unit and a heating unit.

The units are installed in windows.

Metal plates, rubber gaskets, and

sealing compounds are used to seal the

unit into the window. Fig. 25-30 shows

a window sill. After the sill brackets

are installed, and the unit housing in-

stalled, the rubber seal strips and the

filler boards are installed. Fig. 25-31.

The mechanism can now be installed

inside the cabinet and the front fixtures

mounted.
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ELECTRICAL
CONTROL KNOB

CUT-OFF
BAFFLE

AIR FILTER

COOLING
UNIT FAN

VERTICAL VANES
AIR DISCHARGE

CLIP AND
GUIDE PINS

OUTSIDE
AIR DAMPER

COOLING COIL

OUTSIDE
AIR DOOR

CONTROL KNOB

25-29. A two rotary compressor window air conditioning unit.

(Frigidaire Div., General Motors Corp.)

25-30. The bracing used to hold a window air condi- 25-31. A window air conditioner being installed with

tioner on a sill *ne rubber seal strips and the filler boards fnttaNd

(Remington Air Conditioning, Div. Remington Corp.) (Remington Air Conditioning. Div. Remir

Window units can be obtained to fit wall openings,

double hung windows, casement win- The condensate from the cooling

dows, or can be installed in special coil is drained to the base of the motor-
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compressor and the condenser where
its evaporation helps to cool these

parts. A capillary tube refrigerant

control is usually used.

A valve mechanism enables the

cycle to be reversed and the same unit

can be used to heat the room. See

Chapter 26.

25-15. ABSORPTION SYSTEMS

Absorption systems are being suc-

cessfully used for air conditioning

comfort cooling installations. The sys-

tems naturally lead to heating also.

Fig. 25-32.

The system uses water as the re-

frigerant and lithium bromide as the

AIR DISCHARGE ^^^.

25-32. An absorption refrigeration cycle that uses water

as a refrigerant and lithium bromide as the absorbent.

(Servel Inc.)

absorber. Steam heat applied to the

generator percolates water vapor and

weak solution up to the separator. The
liquid lithium bromide (black) then

flows by gravity through the heat ex-

changer to the absorber where the lith-

ium bromide absorbs the evaporated

water and the strong solution settles

to the bottom of the absorber, and then

returns to the generator after passing

through the heat exchanger (the black

EXTERIOR PANELS

(Asbestos Cement

AIR INTAKE -

SCREEN
\

'
Copper

i

BLEED OFF,

WATER \ .

COLLECTOR - \

'Copper i \
\

WATER \\
MAKE-UP \ ' /
i Copper i V'V

OVERFLOW
Coppe

FLOAT i Copper i

WATER INTAKE SCREEN
(Brass)

CENTRIFUGAL FAN

ELIMINATORS

(Copper

SPRAY NOZZLES

i Coppen

WATER INLET

FROM CONDITIONER

PACKING SHEETS

Asbestos Cement

DISCHARGE WATER

TO CONDITIONER

-tlHr^Q
MOTOR PUMP UNIT

25-33. A cooling tower used to cool condenser and ab-

sorber cooling water. The tower evaporates about 15

per cent of the condenser water and in so doing cools

the rest of the water down to the wet bulb temperature
of the air. It consists of water sprays, asbestos sheets,

overflow tubes, make up water float valve, water pump.
Eliminator plates keep water from being drawn into the

fan. Air enters at the bottom and leaves at the top.

(Servel Inc.)

is warm and the gray is cool). The
pressure difference is maintained by

the pressure head of the lithiumbrom-
ide liquid.

The hot steam in the separator

rises up the condenser where it is con-

densed and turned into water. The con-

densed water (black) flows by gravity

through an orifice, into the cooling

coil or evaporator. The water evapor-

ates at a low temperature due to the

almost perfect vacuum and the steam
(water vapor) formed is then absorbed

by the lithium bromide. Note that the

absorber and the condenser are both

cooled by water coils. The condenser

water is then taken to a cooling tower

where it is cooled, Fig. 25-33.

The actual machine is shown in

Fig. 25-34. The condensing pressure is

about 50 to 60 millimeters of Hg (about
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3 psia) and the evaporating pressure is

8 to 10 millimeters of Hg (about .5

psia). The large cylinder in the middle
right is the absorber. The cooling coil

is the finned section in the upper right.

The long vertical cylinder is the gener-
ator and its large upper section is the

separator. The two horizontal cylinders
at the extreme top are condensers.

A year round Servel air-conditioner

(both heating and cooling) is shown in

Fig. 25-35. The heating section is on

the left and the cooling mechanism is on

the right (1) steam line to heating coil,

(2) steam condensate return pipe, (3)

steam line to generator, (4) steam
condensate return line from generator,

(5) separator, (6) pipe to condenser,

(7) reducing orifice, (8) pipe feeding

25-34. The cooling system mechanism used in Servel

comfort cooling absorption machine. Air to be cooled

and dehumidified is passed through finned cooling coil

in upper right of picture.

(Servel Inc.)

ATMOSPHERIC
STEAM GENERATOR

COOLING

WATER

25-35. Cycle of a Serve, year-round air conditioner. Steam is used for heating section and to , or

' of the cooling system.

(Servel Inc.)
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lithium bromide to absorber (9) return

pipe from absorber, (10) condenser
water into system, (11) condenser water
pipe from absorber to condenser, and

(12) condenser water to cooling tower.

These systems are also used to

produce chilled water. The chilled

water in turn is used for a multitude

of processes such as quenching baths,

drinking water, cooling welding tips,

etc.

25-16. AIR-CONDITIONING
CONTROLS

The chief value of complete air-

conditioning lies in its accurate auto-

matic operation. This necessitates

many controls. These controls include

controls such as:

1. Heating Controls

(a) Coal heat

(b) Oil heat

(c) Gas heat

(d) Steam controls

(e) Water controls

(f) Limit controls

2. Cooling Controls

3. Humidifying Controls

4. Dehumidifying Controls

5. Air Flow Controls

25-17. TEMPERATURE CONTROLS

Temperature controls used on air-

conditioning plants vary somewhat from
the type used on refrigeration installa-

tions. Several different types of con-

trols are used.

These thermostats usually operate

on a 1 F. to 2 F. differential, which
results in close temperature control.

The sensitive element is usually

a bi-metal strip. A small magnet is used
to produce snap action of the points.

A range adjustment is usually a direct

load on the bi-metal while the different-

ial usually consists of moving the

small magnet either closer or farther

away from the bi-metal strip.

Some thermostats arehydraulically

operated. Fig. 25-36 shows a diaphragm
mechanism with the diaphragm move-
ment caused by expansion and con-

traction of a liquid. Note the adjustment

and the small magnet used to obtain

snap action. The actual thermostat is

shown in Fig. 25-37.

Thermostats are rated by the volt-

age they carry and also by the controls

to which they are electrically connect-

ed. Some thermostats have a time clock

mechanism which will change thether-

25-36. A schematic diagram of a hydraulically operated

thermostat.

(White-Rodgers Electric Co.)

25-37. An external and internal view of a hydraulic type

thermostat.

(White-Rodgers Electric Co.)
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mostat setting automatically at certain

set time intervals. One example is

using a clock for obtaining lower night

temperatures, and normal ,day tem-
peratures.

Other thermostats use hydraulic

pressure to actuate the switch.

25-18. HEATING THERMOSTATS

The types of heating thermostats

which have been most used in domestic

service are the series 10, the series

20, the series 80 etc.

The series 10 thermostat has been

very popular but is now being replaced

by a high voltage thermostat, series

80. The series 10 is a 24 volt unit and

has three wires. The three wires are

used to make a contact on temperature

drop and then to close a holding cir-

cuit. This thermostat must be used with

a relay. The relay contacts control the

110 V. circuit for the oil burner,

gas burner, or stoker.

The series 20 thermostat is also

low voltage but it is a two wire system

used with low voltage controls and may
be used on gas burners, oil burners, or

stokers.

The series 80 thermostat is a two

wire 110 V. thermostat that controls

the furnace devices directly.

An interesting problem in room

heating thermostats is brought about by

the fact temperature always tends to

rise above the thermostat setting after

the thermostat points have opened and

the burner stopped. This action is the

result of the residual heat in the

furnace. To correct this overheating,

the manufacturers have placed small

heating coils in thermostats. There-

fore, during the heating cycle, the

thermostat is always about 1 F. warmer
than the room. If the thermostat is set

for 74 F. the thermostat will open when

the room temperature is actually 73 F.

Then the room temperature will rise to

74 F. because of the heat in the already

heated furnace. These small resistance
coils are usually called anticipator
coils.

For heating purposes the thermo-
stat is designed to close the contacts
when cooled while the thermostat used
for cooling control closes the contacts
when the temperature rises.

The thermostats must be located
carefully. They must not be exposed to

drafts, to hot or cold walls, to sunlight,

etc. They must be located in an average
temperature location. An inner wall is

the most popular place. The thermo-
stats are mounted about five feet above

25-38. A combination heating and cooling thermoitat.

(Penn Controls Inc.)

the floor. If placed closer to the floor

the temperature control will be more

uniform however it is more likely to be

disturbed by children or furniture.

These thermostats should be kept as

clean as possible inside.

If lint should lodge the

points, an open circuit will result.

25-19. COOLING THERMOSTATS

Comfort cooling thermostats are

similar in design to heating thermo-

stats except that the contacts open as
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the room cools and close as the room
warms up.

25-20. COMBINATION
THERMOSTATS

Some thermostats have both heating

control and cooling control mechan-

isms. A simple snap switch is used to

change from one cycle to the other,

Fig. 25-38.

25-21. FURNACE CONTROLS

All thermostats send an electrical

signal to other electrical devices such

as solenoid valves, relays, magnetic

starters, etc.

One such control is shown in Fig.

25-39. It is commonly known as an oil

burner primary control. It mounts on

the furnace stack and responds to the

thermostat and to a bi-metal strip

suspended in the stack. The control

operates the burner motor and also the

ignition. However, if the oil does not

ignite and if therefore the stack does

not heat in a very few brief seconds,

the safety bi-metal will shut off the

25-39. An oil burner primary control, which will cycle

the oil burner, operate the ignition system, shut off the

unit it ignition fails, scavenge the unit on each cycle, etc.

(White-Rodgers Electric Co.)

LINE
GNCU I HOT

i}

FUSED
LINE
SWITCH

LIMIT

a
~p»\

x
25-40. A wiring diagram for a gun-type oil burner.

(White-Rodgers Electric Co.)

current to the motor and ignition. The
unit must be manually reset before it

will operate. The control shown has a

wiring diagram as illustrated in Fig.

2 5-40. Note the series connection be-

tween the power, the limit control and

the primary control. The thermostat

wires are low voltage while the others

are 110 volts.

Oil burners, gas burners and

stokers all have their own distinctive

25-41. A wiring diagram of a gun type oil burner in-

stallation with a circulator motor control.

(White-Rodgers Electric Co.)

electrical components and wiring diag-

rams. Fig. 25-41 shows the wiring

diagram of a gun-type oil burner in-

stallation with a circulator motor. The

heavy wires are high voltage (115 V.)

lines and the light wires are 24 volt

lines. Note that the circulator control

has its own separate control.

A slightly different wiring diagram

of a gun type oil burner installation

is shown in Fig. 25-42. This system
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operates the circulator motor when the
room thermostat calls for heat.

Gas furnaces use many varieties of

electrical devices. Some operate on
115 volts, some on 24 volts and some

25-42. A gun type oil burner installation with a circu-

lator wired to run at all times the burner is operating.

(White-Rodgers Electric Co.)

25-43. A solenoid operated gas line valve; low voltage

type. Note the transformer in the lower right corner.

(White-Rodgers Electric Co.)

on current generated by a thermo-

couple (2 5 to 700 millivolts).

A wiring diagram of a solenoid

operated gas line valve is shown in

Fig. 25-43. It is a low voltage valve

25-44. Wiring diagram of a diaphragm-type valve

heating plant.

(White-Rodgers Electric Co.)

and it has a safety pilot, controls and
the relay in series with it. The thermo-
stat is a ss ries 20 thermostat (2 wire,
low voltage).

A diaphragm type gas valve wiring
diagram is shown in Fig. 2 5-44. It has
a circulator motor that operates all

25-45. Wiring diagram of diaphragm-type gas valve

heating plant. Note that heavy lines represent line volt-

ages and lighter lines represent low voltages.

(White-Rodgers Electric Co.)

Pi
CO**»*5«>A

DlAC*AM lOtMC * IMALt
ACFACEAAT©* UNIT

25-46. Wiring diagram of thermostat, relay combina-

tion for small comfort cooling unih.

(White-Rodgers Electric Co.)

the time the burner is operating. Fig.

25-46 shows a circulator motor that is

controlled by its own temperature con-

trol.

25-22. COMFORT COOLING
CONTROLS

The complete wiring of a comfort

cooling unit is shown in Fig. 25-46.

This system uses a two wire thermo-

stat, low voltage. The thermostat con-

trols a relay which will close the

motor circuit. If the motor cannot be
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connected directly to the line and if

pressure safety devices are to be put

in the system, the wiring will be some-
what similar to that shown in Fig. 25-

47. The high pressure safety cut-out
is in series with the starter coil and it

will open the circuit if the unit pres-
sures become excessive.

ROOM
THERMOSTAT

HIGH
PRESSURE
CONTROL oc

a
MOTOR
STARTER

\k jM~p !

&SSL1

$

5
m.

COMPRESSOR
MOTOR

IMP OR GREATER

DIAGRAM USING A LARGE REFRIGERATION UNIT.

IF THE INSTALLATION HAS A BLOWER, IT IS USUALLY
WIREO TO RUN CONTINUOUSLY DURING THE COOLING
SEASON.

25-47. Wriing diagram of a comfort cooling unit which
uses a high pressure safety cut-out and a motor starter.

(White-Rodgers Electric Co.)

COMPRESSOR
MOTOR

25-48. A comfort cooling coil wiring diagram. This

system has the thermostat operate the solenoid valve.

The system cycles as the low side pressures vary.

(White-Rodgers Electric Co.)

Some units cycle on the basis of a
low side pressure switch. The thermo-

25-49. A combination thermostat used in radiant heat-i

ing installations. It has an outside sensitive bulb which
adjusts the thermostat to higher water temperatures

when the outside temperature lowers.

(White-Rodgers Electric Co.)

stat operates a solenoid valve mounted]

in the liquid or suction line. When the'

thermostat is satisfied the solenoid

valve will close and when the low side

pressure drops enough, the motor cir-

cuit will be opened by means of the

magnetic starter and the unit wil]

stop, Fig. 25-48.

Many homes now use circulating

hot water heating systems. This syten

is especially popular for radiant heatet

,

homes. To provide hotter water whe:

the outside temperature drops, an in'

side-outside differential thermostat i.

used to provide a change in water

temperature as the outside temperature

changes, Fig. 25-49. It is important t<

install all electrical systems according

to the National and Local Electrical

Codes.

25-23. HUMIDITY CONTROLS

Humidity controls are important ii

keeping the relative humidity of thf

air-conditioned rooms satisfactory

Humidity controls operate during per-

iods of winter heating to add moistun
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o the air, and keep the humidity ap-

proximately constant.

Humidity controls operate in the

lummer to remove moisture from the

dr. For the removal of moisture the

mmidity control usually operates an air

>y-pass to put more air over the cooi-

ng coils. Such controls usually operate

jlectrically to regulate solenoid valves

>r dampers. The control element may
>e either wood or human hair which

ire both sensitive to the amount of

noisture in the air. Fig. 25-50 illus-

;rates the interior construction of a

25-50. A humidity control showing the operating

mechanism.

usually use the thermostatic expansion
valve refrigerant control. Some in-
stallations use several such expansion
valves on one large coil in order to get

the maximum efficiency from the coil.

Fig. 25-51. Self-contained systems,
especially the hermetically built ones
may use the capillary tube refrigerant

control.

In addition to the refrigerant control

used on automatic refrigeration sys-
tems a solenoid refrigerant valve is

usually placed in the liquid line. This

automatically stops the flow of re-

frigerant to the coil the instant the

condensing unit stops. It is necessary

in order that the cooling coil will not

become flooded with refrigerant while

the condensing unit is idle. Fig. 25-52

illustrates a typical solenoid refrig-

erant control valve.

The refrigerating units are usually

equipped with pressure controls. These

low and high pressure controls are

usually designed to lock the circuit

open if any unusual pressures occur.

popular humidity control device. Health

studies indicate that humidity control

,1s a very important factor in air-

conditioning.

25-24. REFRIGERANT CONTROLS

Large air-conditioning cooling coils

NAME PLATE

CORRECT

25-51. An air cooling coil showing the correct location

and installation of three thermostat.c expansion valves.

(Detroit Controls Corp.)

SPRING MOLDS
COIL IN PLACE.

COM3LCTELV
SEAlEO COIL

NON-
MAGNETIC
TUBE

VALVE CLOSES
WITH FLOW

25-52. A cross section of a solenoid refrigerant control

used on air conditioning coils.

(A-P Controls Corp.)

The operator must manually turn the

system on. This action insures can

checking of the unit for any fault.

Fig. 25-53 and Fig. 25-54.
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25-25. AIR-CONDITIONING
TIMERS

There are many air conditioning

installations that can be automatically

timed for operation. Air conditioners

installed in offices need not run on

25-53. A dual pressure control for air conditioning con-

densing units. This control will stay open if excessive

head pressure below normal low side pressures are en-

countered in the system. A manual reset is necessary

and the trouble is therefore detected early.

25-55. A seven day automatic timer for controlling the

air conditioners running time for every day in the week.

(Paragon Electric Co.)

Saturdays or Sundays. Also they need

not run during non-working hours.

Many users of air conditioners want

the units to start functioning at a

certain time before the premises are

used.

Fig. 25-55 illustrates an automatic

timer that operates on a seven (7) day

schedule. The "buttons" on the peri-

INDICATED FOR
HIGH PRESSURE

RANGE

ADJUSTMENT SCREWS
APE t-OT TO BE DISTURBED

HIGH PRESSURE
SAFETY STOP

POWER ELEMENT
SCREWS

HIGH PRESSURE
POWER ELEMENT

DIA CAPILLARY TUBE

RESET BAR FOR
BOTH LOW & HIGH
PRESSURE

INDICATOR FOR
LOW PRESSURE
RANGE

TERMINAL SCREWS

SILVER CONTACTS

MAGNET SPACE
FOR DC.

ADJUSTMENT SCREW
NOT TO 8E DISTURBE

LOW PRESSURE
POWER ELEMENT

U" SAE FLARE NUT

25-54. The inner mechanism of an air conditional condensing unit pressure motor control.

(Ranco Inc.)
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phery of the time disc can be set to

rfum on the air conditioner at any set

time and shut it off at any set time each
day. Note that Saturday afternoon and

Sunday do not have off and on buttons.

Therefore the unit will not run during

this time.

25-26. REVIEW QUESTIONS

1. Name three types of air-con-

ditioning plants.

2. What refrigerant controls are

usually used on air-conditioning

cooling coils?

3. Why are solenoid refrigerant

control valves necessary on air-

conditioning cooling coils?

4. What is the most economical

way to use electricity for heat-

ing?

5. How does a by-pass air system

operate?

6. List the four most common
sources of energy for heating?

7. What is the heating value of

bituminous coal?

8. Name the types of oil burners.

9. What is one advantage of gas as a

fuel?

10. Why must stack temperatures be
kept over 300 F. ?

11. Why is air leaving a cooling

coil considered to be damp air?

12. Can air be dehumidified by any

other method than by cooling?

13. How is condensate handled in a

unit comfort cooler?

14. What air is used to cool the

condenser of an air cooled com-
fort cooler?

15. What is a bi-metal thermostat?

25-27. THERMOSTATS

A new style thermostat has recently

(1959) been developed for air condition-

ing systems. These units have easily

manipulated settings. They are de-

signed with all the various types of elec-

trical bases to enable the thermostat

to control either 1 heating system, 2

cooling systems, or 3 combination

heating and cooling systems. Fig. 25-56

illustrates one of these units.

25-56. An easily adjusted room thermostat. These new models are available tor many types of applications.

(Penn Controls, Inc.)
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Chapter 26

HEAT PUMPS

All refrigeration units are heat

pumps. They all move heat from one

place to another. They all pick up heat

at low temperature level and release it

at high temperature level.

The cooling coils and condensers

are both heat transfer devices and they

could each be used for both cooling

(picking up heat) or heating (releasing

heat).

The principle of using the refrig-

eration unit as a heating mechanism
too was first proposed by Lord Kelvin

over 100 years ago but it has only been
since World War II that there has been
a serious effort to actually use the

mechanism for heating.

The heat pump is also called a

reverse-cycle mechanism. However,
the cycle is not actually reversed, only

the cooling coil and condenser are in-

terchanged and therefore the name
"reverse-cycle" is not technically

correct.

26-1. PURPOSE

The heat pump is a mechanism that

can either remove heat from the occup-

ied space and discharge this heat to the

outside or it can be used to pick up

heat from the outside and discharge it

into the occupied space to heat it.

26-2. THEORY

The theory of the heat pump is that

heat will move from a high tempera-

ture to a lower temperature. This

principle means that if a heat transfer

coil can be maintained at a lower tem-
perature than its surroundings, it will

pick up heat from its surroundings.

Therefore if the cooling coil of a

refrigerating system can be kept at a

temperature below its surroundings it

will pick up heat. If a cooling coil is

mounted outdoors and operated at a

refrigerant temperature of F., it will

26-1. A typical heat pump cycle used for heating, with

a refrigerant evaporating outside at 25 F. {35 F. air)

and this same refrigerant condensing at 1 10 F. in a con-

denser in an air duct. A. Heat of compression; B. Heat

released to the house.

remove heat from the air even though

the outside temperature is 10 or 15 F.

Now if this refrigerant after it has

evaporated is compressed by a com-
pressor to a temperature of 120 F. to

140 F. this hot refrigerant will release

heat to the surroundings, i.e., the

inside of the house. Then, if by using
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a system of valves, the cooling coil

is changed into the condenser and the

condenser is changed into the cooling

coil during the summer months, heat

can be removed from the occupied

zone and discharged or moved outdoors,

Fig. 26-1.

However, there are two liquid lines,

two suction lines, and two refrigerant
controls used in the simpler of the
heat pumps in order to change from
summer cooling to winter heating.

Fig. 26-2. Now if coil A is mounted
inside the house in an air duct, it

C0A7/°/?£S5Ofi?

26-2. A heat pump. Both heat transfer coils are blower coils. The solid refngerant Imes are used when values

2, 5 and 3 are open while values 1 , 4 and 6 are closed. Coil A is then the condenser and B the cool.nql«* JY

closing values 2, 5 and 3 and opening I, 4 and 6 the refrigerant will flow through the Imes shown dotted, and

A will become the cooling coil while B will become the condenser.

26-3. OPERATION

The operation of the heat pump is

identical to any compression cycle.

The principal parts of the system are:

1. Compressor
2. Condenser

3. Receiver

4. Liquid Line

5. Refrigerant Control

6. Cooling Coil

7. Suction Line

8. Motor Control

can either be used to give up heat to

the house or it can be used to rem*

heat and moisture from the hou

The system can be simplified to

three two-wav valves by combining

(4), (3), (1) and (2), (5). (6).

Further careful design has pro,!

one four-way valve to i the flow

of refrigerant. Some of lheS<

electrically operated to permit chang-

ing the system over by simply pushing

a button.

Many systems use a compact unit

containing the refrigerant. The iyitem
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has its heat transfer surfaces self-

contained in this unit. The heat transfer

units in this system cool or heat

liquids and these liquids in turn are

pumped through heat transfer surfaces

either outdoors or indoors. This sys-

tem requires two liquid pumps but it

enables the heat pump to operate more
efficiently and confines the refrig-

erant to a relatively small space.

26-4. CYCLES

The heat pump actually operates as

two cycles:

1. Heating cycle

2. Cooling cycle

The same mechanism is used for

both cycles but the travel of refrig-

erant is reversed in order to change

from cooling to heating, Fig. 26-3.

i© C0IL F wp

SERVICE VALVES

HECK
VALVE

mCHECK
VALVE

26-3. A heat pump equipped with hand valves to permit

manual changing of the systemfrom a heating system to

a cooling system. Coil F is the outside coil and Coil E

is the inside heat transfer surface.

(Alco Valve Co.)

26-4. A cooling cycle for a heat pump. A. Heat energy

of compression; B. Heat energy removed from the air

(cooling and dehumidifying). Note that A is approxi-

mately one-third of B.

very little treatment is needed due to

the heat lag and time lag in controlling

the variables. But if the ambient tem-
peratures were to increase over this

amount, for example:

Outside (ambient) Inside

F % F %
85 75 72 50

The cycle would be as shown in Fig.

26-4.

On the psychrometric chart, the

apparatus would affect the air con-

ditions as shown in Fig. 26-5. Point A
is the condition of the ambient air and

the line A to B cools the air to 100%,

humidity and the line B to C is cooling

the air and also removing moisture

from the air. If 100% fresh air is]

being conditioned, point C represents

the air as it leaves the cooling coil

Theoretically, it would take no
energy to maintain correct conditions

if the outside (ambient) temperatures
equalled inside temperatures.

For example:
Outside (ambient)

Temperature F Humidity %
72 50

Inside

Temperature F Humidity %
72 50

If the ambient conditions are within

10 F. and 10% of these conditions.
26-5. The effect on the air in a house when using the

cooling cycle of a heat pump.
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Then as the air mixes with the air in

the house or with air being brought into

the duct system (recirculated air) point

D is reached.

The heating cycle consists of re-

moving heat from the ambient air and
releasing this heat in the house. It

must be remembered that heating is not

usually needed until the outdoor tem-
perature is less than 65 F. Heat from
appliances, and occupants usually

makes up this small difference.

For example, if the following con-

ditions prevail

Outdoor Inside

50 F. 80% 72 F. 50%
the outdoors coil will operate as a

cooling coil and pick up heat from out-

doors and discharge this heat into the

house, Fig. 26-6.

The heating cycle of the heat pump
becomes less efficient as the outdoor

temperature lowers. This action plus an

increase in the load as the outside

:emperature lowers offers consider-

able difficulties for those latitudes

where temperatures drop to 20 F.

down to F. outside. Fig. 26-7.

Note that A has increased with very

Little increase in B which means that

the coefficient of performance is less.

Also with the refrigerant boiling at OF.,

HEAT BTU/LB

the cooling coil will frost rapidly
necessitating some frequent defrosting
means.

26-5. PERFORMANCE

The heat pump can be built to fit

any need. The units have been designed

for single rooms, for complete houses,

and for industrial uses. The unit takes

the place of both the comfort cooling

unit and the heating apparatus.

The source of energy is electricity.

To furnish 50,000 Btu's per hour dir-

26-6. A heat pump serving as a heating system with the

outside temperature at 50 F., the refrigerant evaporating

«t 30 F. and the refrigerant condensing at I 10 h I he

ratio of A to B is the co-efficient of performance (cop).

/V£X r BTU/I.B

26-7. A heat pump heating cycle in operation when

the outside (ambient) temperature is 20 F.

ectly from electricity requires (@ 1

kwhr. - 3410 Btu/hr). 50,000 Btu/hr.-f-

3410 Btu/hr. r 14.6 kwhr.

At 1 cent per kwhr., the heat load

would cost 14.6 x .01= .146/hr.r

.146 x 24 n$3.50/day. For one 30 day

month the cost would be $3.50 x 30 -

$ 105/ mo.

Obviously, this cost is prohitu'

but actually the cost is much Lesa than

this as the heat load of a hous< aver-

ages much less than this value. Ba

on a degree day basis and assuming

10,000 degree days per season for the

area in the problem (avg. 35 I
. am-

bient temperature ov

period). The heat load for a 50.000

Btu/hr./70 F. temperature difference

house the Btu loss per hr. per tem-

perature degree will >» 5QQQ0 714

70
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Btu/ degree F/hr. The heat load for 24

hrs. 714 x 24 - 17, 136 Btu/ degree day

17,136- 502 kwhr./degree day.

5.02 x .01 x 10,000- $673.00/

season cost for heating by electrical

resistance.

The heat pump reduces this cost

considerably.

The heat pump uses electricity

only to drive the compressor. The

refrigeration cycle, if the proper tem-
peratures are used, permits the con-

denser to release three to four times

as much heat as it takes in electrical

energy to drive the compressor. This

coefficient of performance (c.o.p.)

means that one kwhr. of electrical

energy driving the compressor can, by

using the heat pump, release not 3410

Btu/hr. but 3410 x 3 or 10,230.0

Btu/hr.

This coefficient of performance can

be further increased by using some
warmer heat source than the outside

air. For example, well water, lake

water, and the very ground itself, has

been used to provide the heat for the

heat pump.
The cost of obtaining heat from the

heat pump therefore lowers the elect-

rical cost to about $22 5.00 per season.

If one could find a well furnishing

water at 60 degrees F., the coefficient

of performance can be raised to as

much as 4 or 5 and this factor will

make the cost of operation for the

pump very close to the cost of heating

with gas or oil.

26-6. CONDENSERS AND COOLING
COILS

The coil mounted inside the house is

a standard finned coil used with a

blower. The fins are spaced 1/2 to

1/4 in. apart and the fins extend about

1/2 in. from the tubing or prime
surface.

The outside coil comes in a variety

of designs. The coil design depends on

what substance the coil is to release

its heat to or pick up its heat from
The various types of coils classified as

to the heat medium are:

1. Air coil

2. Lake water coil

3. Well water coil

4. Ground coil

26-7. AIR COIL

The easiest to install and the leas

expensive of the outdoor coils for hea

pump use is a coil used to release it;

heat to the outside air, or to pick u-

heat from the outside air. This typ<

coil has many advantages in climate

where the outdoor temperatures do nc

vary more than from 30 F. tollOF.
The coil itself is a standard hea

transfer coil with tubing for primar
surface and extended fins bonded toth

tubing. A blower is mounted in th

housing that protects the coil from th

weather. The coils have been mounte
on the outside wall of the house, on th

roof and in a separate shelter adjacer

to the house.

26-8. LAKE WATER COIL

As has been explained, the pe;

formance of a heat pump increases )

efficiency as the condensing and coolir

coil temperature approach each othe;

Therefore, during the heating cycb

if a warmer source can be found ths

the ambient air, an increase in per

formance can be expected. Several ir

stallations have been tried where th

outside coil is approximately 10C

feet of tubing dropped on the bottom <<

a lake adjacent to the premises. Trj

coil if installed at the bottom of tr

lake has a more consistent temperatui

than otherwise. Installations of this tyf

have been used as far north as Minr

eapolis, Minn.
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^6-9. WELL WATER COIL

Well water may provide a very
efficient heat pick up- unit fo,r heating

and a good heat dissipator during the

cooling cycle.

The cost of the well is one dis-

advantage but its cost is soon offset by
the lower cost of operation.

The most popular method of using

well water is to pump the water out of

the well and then after heat has been
removed from the water or released to

it, the water is returned to the well.

When the well water is at 60 F., a

condensing temperature of 80 F. can be
used during the cooling cycle while a

cooling coil temperature of 40 F. can
be used during the heating cycle.

26-10. GROUND COIL

The type of outside coil which is

receiving considerable attention is a

ground coil. It has been found that

regardless of the latitude and the air

temperature changes, that the tem-
perature in the ground at a depth of 4 to

6 ft. changes very little. These tem-

peratures average between 40 F. and

60 F.

Therefore if a coil is buried in the

ground at a depth of 4 to 6 ft. and it has

sufficient heat transfer surface it can

be very efficiently used as an outdoor

coil for both the heating and cooling

cycle. Fig. 26-8 illustrates a ground

coil system as it operates during the

winter. In actual construction the

ground coil is installed in a flat posi-

tion. Also the air return is usually

a split-air system with a fresh air

make-up duct. Fig. 26-9 illustrates the

same basic system used as a comfort

cooling mechanism. In actual practice,

valves would be used to flow the con-

densed refrigerant first through the

liquid receiver and then through the

expansion valve from left to right

before the reduced pressure refriger-

ant enters the cooling coil in the duct.
Several installations have been

made usirg a combination of air coils
and either a lake coil, well coil, or
ground coil. The air coil is used alone
when the outdoor temperature permits
efficient operation but when the outside
air becomes too cold or too warm the

auxiliary coil is connected into the

system.

26-11. COMPRESSORS

The compressor used in heat pumps
is of standard construction. Units up to

5 H.P. use single stage compressors of

constant capacity. The trend is to use

hermetic compressor-motor combina-
tions.

Because the pumping load varies

extensively during the day and also

during the change of seasons, variable

capacity compressors are now being

used. These compressors vary their

capacity by operating valves which

unload a compressor cylinder or cyl-

inders into clearance pockets.

The mechanism used is hydraulic-

ly or electrically operated to holdop«n

the intake valves or to open a passage

to a clearance pocket for that cylinder

or cylinders that are to be unloaded.

26-12. MOTORS

The smaller heat pumps, 1/3 to 1

ton, use standard single-phase motors

usually with a capacitor starting wind-

ing. Three phase motors are preferred

in units over one ton capacity mainly

for electrical economy. The single

phase motors should be operated at

220 volts if possible.

As stated before, most of the units

are now of the hermetic design.

26-13. REFRIGERANT CONTROLS

Both the thermostatic expan

valve and the capillary tube refrigerant
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controls are being used with heat

pumps. The change-over valves are

much simpler in those units that use

the capillary tube control because the

flow of refrigerant can be reversed

through the tube for pressure reducing

purposes. In this type of installation,

a strainer must be installed at both

ends of the tube. Fig. 26-10 illustrates

a heat pump using a capillary tube and

a solenoid reversing valve, operating

on a cooling cycle. The wiring diagram

and a diagram showing the control con-

tact for the cooling cycle are shown in

Fig. 26-11.

Fig. 26-12 illustrates a heat pump
using a capillary tube and a solenoid

operated reversing valve operating on a

heating cycle.

The wiring diagram and a diagram

showing the control contacts for the

heating cycle are shown in Fig. 26-13.

The thermostat which operates the

four way valve and also controls the

temperature is shown in Fig. 26-14.

The wiring of heat pumps depends

mainly on whether the motor is con-

nected directly to the line or whether

some kind of starter (magnetic or

transformer) is used. See Fig. 26-15.

26-14. REFRIGERANT LINES

The suction lines and liquid lines of

the heat pump are unusual in that both

lines are constructed large enough to

handle the refrigerant in a gaseous

form. This is because the use of the

lines may be reversed as the cycles

are reversed. A liquid line, while on a

cooling cycle, may become a suction

line when the unit is used for heating.

The lines are normally fitted with

streamline soldered connections. Sil-

ver brazing is the most popular. Flex-

ible connections are usually installed

in the lines at the compressor to

eliminate noise and to allow for some
vibration of the compressor.

26-10. A heat pump with a capillary tube refrigerant

control operating on a cooling cycle (indoor cool). The

bent arrow lines mean high temperature. The straight

arrow lines mean low temperature.

(Ranco, Inc.)

26-15. MOTOR CONTROLS

A double set of automatic controls

is usually required for the heat pump.
A thermostat designed for heating is

needed for cold weather conditions and

a thermostat designed for cooling con-

ditions is needed for warm weather.

Humidstats are not used extensively as

yet although they are needed for com-
plete automatic control.

26-16. REVERSING VALVES

Several different types of valves

are used in heat pumps to reverse the

refrigerant flow. At least six one-way
valves are needed. These valves may
be electrically operated (solenoids)

or manually operated.

Some units use three-way valves,

either manually or electrically oper-
ated. These valves have one opening

to the compressor, one opening to the

condenser, and one to the cooling coil.

Two of these valves are needed to

operate the unit.

A four way valve may be used to

reverse the flow of refrigerant. It is

operated by one valve stem movement
which closes and opens several ports

in one valve body, either by moving
the stem manually or electrically.
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LIQUID FILL BELLOWS
BELLOWS LEVER

REVERSING LEVER-7

PICK UP
ARM

PIVOT

COMPRESSOR

BELLOWS IN
WARMEST
position

(expanded)

SWITCH SHOWN IN
CUT-IN POSITION

26-1 I. A wiring diagram of a heat pump showing the electrical connections for the cooling cycle.

(Ranco, Inc.)

BELLOWS IN

COLDEST
POSITION

(CONTRACTED)

SWITCH SHOWN IN

CUT-IN POSITION

26-12. A heat pump operating on the heating cycle.

The crooked arrows indicate high temperature. The

straight arrows indicate low temperatures. Note the

use of a 4-way valve.

(Ranco, Inc.)

26-13. The electrical connections during the heating

cycle of the heat pump and using the thermostat shown

in Figure 26-1°.

(Ranco. Inc.)

The system is easily reversed with one

of these valves. The valve is popular

in the small tonnage units such as

window units and other air-to-air units.

A four-way valve that is operated by

pressure is shown in Fig. 26-16. A

solenoid valve controls the pressure at

the top portion of the solenoid valve.

When the pilot valve is energized, the

compressor low side pressure is im-

posed on the four way valve and all

three internal valves are lifted, pro-

ducing the cooling cycle, (oil 1
is the

indoor coil while Coil F is the outdoor

coil.

When the solenoid pilot valve* Ircuil
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is opened, manually or by a thermostat,

the solenoid valve closes and the three

valves inside the four-way valve drop.

During the cooling cycle, the upper

EVAPORATOR COIL F

conoens:r coil e

26-16. A heat pump schematic diagram which uses a

26-14. A thermostat for controlling an air conditioner special four way reversing valve. As shown ft is operat-

heat pump. This is shown in Fig. 26-1 I and 26-13. ing on the heating cycle.

(Ranco, Inc.) (Alco Valve Co.)

LINE LINE LINE LINE LINE

COMPRESSORo

•1

Sia

/ v

CONTACTOR

it
L t--J
H

ĈOMPRESSOR

TRANSFORMER

1 CONTACTOR
'm

\

r<m\V

COMPRESSOR

^5
REVERSING
VALVE Si S\

^5 ^5
REVERSING

VALVE

REVERSING
VALVE

26-15. Three wiring diagrams for heat pumps. No special mechanism is used on the diagram at the left. The

middle diagram shows a line coil magnetic starter. The diagram on the right shows a low voltage coil magnetic

starter.

(Ranco, Inc.)

and the refrigerant flow to the coils is thermostatic expansion valve is not

reversed. used.

This heat pump uses two thermosta- Fig. 26-17 illustrates this same

ter expansion valves and two check system operating as a heating unit,

valves to permit reversing the re- Coil E now is the condenser and is

frigerant flow around the thermostatic releasing heat to the indoors,

expansion valve. Fig. 26-18 illustrates a modern heal
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CONDENSER COIL

COOLING CYCLE
EVAPORATOR COIL

26-17. A heat pump schematic diagram which uses

one four way reversing valve. A solenoid pilot valve is

used to operate the four way valve. As shown it is

operating on the cooling cycle.

(Alco Valve Co.)

during the cooling season the exposed
coil is the cooling coil. A diagram-
matic sketch of the systems operation
may be seen in Fig. 26-19. Notice that
two separate circulating fins are used.
The black coil is the warm coil and the
white coil is the cooling coil in each
illustration. These units are installed
in a home, either in the basement, or
on the first floor. Fig. 26-20 shows a
typical first floor utility room installa-

tion.

26-17. REVIEW QUESTIONS

1. What part of the refrigerating

26-18. A modern heat pump mechanism.

(Westinghouse Electric Corp.)

Dump mechanism. This design has air

ducts that bring outside air into the

init and discharges this air outdoors.

This outdoor coil is in the upper left

corner of the picture. The indoor air

>asses through the filters and the coil

shown. During the heating season the

exposed coil is the condenser, and

unit releases heat?

Who first proposed the use

refrigerating unit for heating?

How many heat transfer surfa

does a heat pump ha>

How can heat be remov. <i from

F. air?

What are the two opt-ratir^
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WINTER HEATING SUMMER COOLING

HEAT
PICKED UP

FROM
OUTSIDE AIR

OUTSIDE AIR

HEATED
AIR TO
HOME

HEATED AIR
DISCHARGED

OUTSIDE

FILTERS

COOLED
AIR TO
HOME

WARM
INDOOR
AIR FROM
HOME

26-19. A diagram illustrating the air and refrigerant circuits in a heat pump during heating and cooling operation.

(Westinghouse Electric Corp.)

mance?
8. Is it less expensive to heat with

electrical resistors or with a

heat pump?
9. How many Btu/hr. are generated

by one kwhr. through direct elec-

trical resistance?

10. List one disadvantage of each

type of coil

.

11. What are the various types of

outdoors coils?

12. What type of coil is used in-

doors?

13. What outdoor coils are used when
dual coils are used?

14. Why is the capillary tube espec-

ially advantageous to use in heat

pumps?
15. Explain the operation of a three

way valve used to reverse the

refrigerant flow.

26-20. A diagram of a heat pump installation in a house.

cycles of a heat pump?
6. Under what conditions is a heat

pump the most efficient?

7. What is coefficient of perfor-
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Chapter 27

AUTOMOBILE

AIR CONDITIONING

Air conditioning our surroundings

is an important factor affecting our

comfort. We are now accustomed to

living in air conditioned homes and

working in air conditioned buildings.

Accordingly we are made more con-

scious of the discomfort of hot and

humid vehicles in which we travel. It is

only natural that the vehicles in which

we travel should be air conditioned

also.

27-1. DEVELOPMENT

The purpose of the air conditioning

system for automobiles and buses is

identical to the general purpose of air

conditioning as stated in Chapter 22.

The first kind of air conditioning

applied to moving vehicles was the

heater. Ventilation was crudely and

easily obtained by opening windows.

Prior to World War II vehicles were

introduced that had "airconditioning,"

but the term only meant that the

apparatus controlled the heating, ven-

tilation, and filtering of the air.

During the late thirties some pas-

senger buses were air conditioned on

an experimental basis. The Packard

AMMETER INSTRUMENT PANEL SWITCH

CONDENSER

BLOWER LEAD WIRE

ADJUSTABLE LOUVRES

BLOWER FAN

COOLING COIL

EXPANSION VALVf

STRAINER

A—Comprcfior Suction Service

B—Comprei.or Dilcharge

C-Rntivir Shut-off Valve

D—Condenter Shut-off Valve

E—Fuiible Plug

F—Freon Level Tenet

G

—

Vi" High Preuure G«j Line

II Hi.
I

l

| ', II. K h I i-

«» <•»• I ">e

I II... I.I. I... 'I I KiM II'"'"

M Slower I .n (.round -Ve

N—Cetndenter Inlet < ""» !•»•

O—Coeidenter Outlet 1 «iJ«u«i

27-1. An early comfort cooling -y-Hm in-talUd in an automobile.

(Studebaker-Paclcard Corp.)
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FLOOR AIR OUTLETS

Heat and Vent

AIR OUTLET

Air Cond.)

FRESH AIR FILTER

DEFROSTER

EXPANSION

MAGNETIC

CONDENSER

RECEIVER AND FILTER

27-2. All season air conditioner for 1958 Ambassador and Rambler cars, which combines cooling, heating,

ventilating and defrosting in one unit.

Motor Car Co. was the only company
offering comfort cooling apparatus,

factory installed, prior to 1941. See

Fig. 27-1.

Since World War II, completely air

conditioned automobiles of most makes
have been available. There has been a

very rapid increase in the use of the

complete air conditioning unitforauto-

mobiles. A late model comfort cooling

unit for automobiles is shown in Fig.

27-2. In this installation the compres-
sor is mounted above the engine and is

driven by a belt from the front end of

the engine. The condenser is mounted

ahead of the car radiator. The liquid

refrigerant flows from the condenser

to the liquid receiver and through a

filter to the cooling coil. The vaporized

refrigerant then flows back through the

suction line to the compressor. A blow-

er forces air from the inside of the

car through the cooling coil and cir-

culates it to the interior of the car by
means of the grilles at each end of the

dash. The refrigeration cycle diagram
for this air conditioner is shown in

Fig. 27-3.

On the air conditioning cycle, re-

frigerant gas enters the compressor
through the suction service valve (low

side). The gas is then drawn into the

cylinder and compressed by the piston

and discharged through the discharge
service valve into the condenser (high

side). The heat of compression and the

latent heat of vaporization are given up

to the air flowing past the condenser
and the refrigerant is liquefied. The
liquid receiver stores the liquid re-

frigerant which is still under high

pressure. The liquid receiver is equip-

ped with a fusible plug set to discharge

at 367 F. in the event of afire.

The liquid refrigerant flows through
a filter then through a sight glass. The
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THERMOSTAT IOPENS ON TEMPERATURE DECREASE)

TO AC POSITION ON CONTROL
HIGH PRESSURE GAS

HIGH PRESSURE LIQUID

LOW PRESSURE LIQUID

LOW PRESSURE GAS

27-3. A refrigeration cycle diagram for a typical car air conditioning »yste

(Nash Div., American Motors Corp.)
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^sight glass provides a quick and easy
way of checking the refrigerant charge
in the system. The presence of bubbles
or foam indicates a shortage of re-
frigerant. The liquid refrigerant flows

to the thermostatic expansion valve
which is the dividing point between the

high and the low pressure side. The
control bulb of the thermostatic expan-
sion valve is clamped to the suction

bine as it leaves the cooling coil.

During the ' 'on' ' cycle the expansion
valve provides a throttling action which
controls the quantity of refrigerant in

the cooling coil and it prevents liquid

,
refrigerant from reaching the com-
pressor. The equalizer connection is

used on all high capacity systems. It

i assures operation of the cooling unit at

i maximum capacity at all times. The
cooling coil (evaporator) receives the

i liquid refrigerant at low pressure and

J

the refrigerant evaporates and absorbs

I

heat from the air passing over the

surface of the cooling coil.

Electrically driven blowers assist

in circulating air over the cooling coils

and through the interior of the car. The

evaporated refrigerant is returned

through the suction line to the suction

service valve and the cycle is repeated.

If the cycle were repeated con-

tinuously the temperature in the car

would drop to an uncomfortable level

and the cooling coil would frost over.

To prevent this condition an automatic

by-pass is built into the system. The

components of this part of the system

are the solenoid by-pass valve, tem-

perature control thermostat by-pass

line, and check valve. The solenoid

valve is wired in series with the tem-

perature control thermostat and the

air conditioning switch. When a tem-

perature of 32 F. is reached, the sole-

noid is de-energized and the refrigerant

by-pass circuit is opened. High pres-

sure refrigerant vapor from the con-

denser flows through the solenoid valve,

the by-pass line, and back to the suction

service valve of the compressor. The
cooling coil warms up and defrosts.
As soon as the cooling coil reaches
37 F. the solenoid valve closes and the
cooling cycle is again in operation.

When the air conditioning system is

not turned on, such as in winter when
the heater is used, the mechanism is

not in operation. This is accomplished
by not energizing a magnetic clutch on
the compressor pulley which allows the

compressor pulley to free wheel when
the air conditioning is not turned on.

27-2. APPLICATION PROBLEMS

The greatest problem in automobile

air conditioning comes from the fact

that the compressor is belt-driven from
the engine, and the compressor speed

will vary with the engine speed which

of course varies continuously as the car

speed changes. The compressor must

have enough capacity to give sufficient

cooling at idling speed on the hottest

day. Naturally considerable excess

capacity is provided at high speed and

under cool weather conditions. This

condition brings in problems in both the

matter of controlling the temperature

and the control of refrigerant (both

liquid and gas) within the cycle. If the

compressor is operating rapidly and

Little or no refrigeration is required

the high side pressure will build up and

the low side pressure will drop very

low.

Dropping the low side pressure

lowers the cooling coil (evaporation)

temperature. The cooling coil tem-

perature must not be allowed to drop

below 32 F. If it should operate at a

temperature of 32 F. or lower for any

length of time it would freeze over and

fill with ice and become LnoperatJ

Also operating the system under a

very low low s.

oil pumping which may damage the

compressor valves and if contin

burn out the compressor.
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Various cycle and mechanical sys-

tems have been devised to overcome
these problems.

27-3. SOME TYPICAL OPERATING
CYCLES

mechanical systems in common use.

They are:

1. Pressure operated by-pass and
low side pressure regulators.

2. Pressure operated by-pass.

3. Solenoid operated by-pass.

4. Magnetic clutch.

There are four basic cycle and
2J 4 PRESSURE OPERATED BY-PASS

AND LOW SIDE PRESSURE
REGULATOR

A diagram of a pressure operated

by-pass and low side pressure regula-

tor is given in Fig. 27-4. In this system
the cooling temperature is held about

32 F. by means of the evaporator

pressure control (F) which does not

allow the pressure in the coil to drop

below a pressure corresponding to 32 F.

The compressor low side pressure
is regulated by the low side pressure
operated by-pass (E). This control

operates to allow liquid refrigerant to

by-pass through (E) to the low side at

any time that the low side pressure
drops below the setting of the valve.

27-4. A cycle diagram of a pressure operated by-pass

and low side pressure refrigerator system. A. compres-

sor; B. condenser; C. Thermostatic expansion valve;

D. Cooling coil (evaporator); E. Low side pressure oper-

ated by-pass; F. Evaporator pressure control.

27-5. A cycle diagram of a pressure operated by-pass.

A. Compressor; B. Condenser; C Thermostatic expan-
sion valve; D. Cooling coil (evaporator); J. Pressure oper-

ated by-pass valve.

27-5. PRESSURE OPERATED BY-PASS
VALVE

A diagram of a pressure operated,

EVAPORATOR ANO BLOWER ASSEMBLY

27-6. A cycle diagram for a pressure operated by-pass. The modulator valve is the pressure by-pass in this

system. Note the solid core type dehydrator and filter at the entrance to the liquid receiver.

(Studebaker Div., Studebaker-Paclcard Corp.)

654



AUTOMOBILE AIR CONDITIONING

by-pass is given in Fig. 27-5. In this

system the pressure operated by-pass
valve (J) is connected between the

compressor discharge (high side) and
the compressor suction line (low side).

It is set to open and by-pass hot gas

from the high side to the low side when

27-7. A cycle diagram of a solenoid operated by-pass.

A. Compressor; B. Condenser; C. Thermostatic expan-

sion valve; D. Cooling coil (evaporator); E. Solenoid

operated by-pass valve.

the pressure difference reaches the

setting of the valve. This cycle does not

give as even a coil temperature as the

one described in the preceding para-

graph. See Fig. 27-6.

27-6. SOLENOID OPERATING
BY-PASS

A diagram of the solenoid operated

by-pass is given in Fig. 27-7. In this

system a thermostat mounted on the

cooling coil (evaporator) operates to

open a solenoid valve and by-pass hot

gas from the high side to the low side

when the temperature of the cooling coil

drops to 32 F. Since the solenoid valve
is either closed or wide open it does
not give the throttling effect of the

pressure operated valve. This is a pop-
ular type of system and it gives good

results. Fig. 27-8 and Fig. 27-9 show
installation diagrams for this type of

system.

COMPRESSOR

"&v<M—

-

INlET

SOLENOID
BY PASS VAlVf

27-9. The path of the by-passed refrigerant when the

solenoid valve is not energized. When the thermostat

calls for more cooling the solenoid is energiied and the

by-pass is closed.

(Ford Motor Co.)

FRESH AIR SCOOP

27-8. An installation diagram for a solenoid operated by-p.« ****

(Dodge Div., Chrysler Oorp.)
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27-7. MAGNETIC CLUTCH

A diagram of a magnetic clutch

controlled compressor is shown in

Fig. 27-10. In this system a thermostat

on the cooling coil (evaporator)

27-10. A cycle diagram of a magnetic clutch operated

temperature control. A. Compressor; B. Condenser;

C. Thermostatic expansion valve; D. Cooling coil evap-

orater; H. Magnetic clutch on compressor drive pulley.

operates an electric circuit to a mag-
netic clutch on the compressor drive

pulley. When the temperature of the

cooling coil is brought down to a pre-

determined setting, the thermostat

t Coolmg Coil

\ c

^
3)

c
3>—y

Condense'
Dehydrolor Fille

W/ Receive

27-1 I. A magnetic clutch controlled compressor. This

cycle diagram shows the vibration absorption units in the

suction and liquid lines also the dehydrator-filter installed

in the liquid receiver. A sight glass in the liquid line will

indicate by bubbles if the system is low on refrigerant.

(Cadillac Motor Car Div., General Motors Corp.)

PUllEY. COIl AND
BEARING ASSEMBLY

BRUSH AND
BRACKET
ASSEMBLY

CLUTCH PLATE

AND HUB
ASSEMBLY

RELEASE
SPRING

CLUTCH
PLATE
AND HUB
ASSEMBLY
RETAINER

27-12. A magnetic clutch used to connect or disconnect

a compressor from the drive pulley.

(Pontiac Motor Div., General Motors Corp.)

opens the electric circuit to the mag-
netic clutch on the compressor drive

pulley and the pulley "free wheels" on

the compressor shaft and the compres-
sor stops. This system gives both good

coil temperature control and even pres-

sure control on both the high side and

the low side. See Fig. 27-11.

*40<w ft

O 10 20 JO fO SO 60 70 00 90 fOO

WILES PCK HOUA

27-13. A curve showing the relationship between car

speed, heat load and horse power required to drive the

automobile cooling mechanism.

A magnetic clutch is sometimes
used on a by-pass system as a means
of turning the air conditioning system

on and off but may not be used for tem-

perature control. The construction of

the magnetic clutch in this case is

somewhat different, Fig. 27-12.
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27-8. PERFORMANCE

The unit must be of a sirfe that has
at least a three ton capacity at a
vehicle speed of about 50 miles per
hour. The belt driven compressor and
its component parts works very satis-
factorily, Fig. 27-13.

As the automobile slows down, the
capacity will decrease, and as the
automobile speeds up, the capacity will

increase. This variation in capacity is

27-14. A two cylinder compressor with a magnetic

clutch. Note the oil filter plug and the oil level sight

glass.

(Pontiac Motor Div., Genera! Motors Corp.)

somewhat parallel with the changing

heat load except at one critical interval,

parked or in slow moving traffic. At

these critical times the compressor
capacity is far below its needed cap-

acity. At present, the only recourse is

to idle the engine at a higher speed and

to travel in traffic in some inter-

mediate gear to enable higher engine

speeds.

The refrigerating system can con-

sume as much as 8 H.P. from the

engine at high speeds and at this high

speed the unit capacity will be approxi-

mately 36,000 Btu/hr. or three (3) tons

capacity. This means that about 2 1/2

H.P. are needed for each ton of re-

frigeration effect. This compares to the

use of 1 H.P. for each ton of refrigera-

tion in a motor driven constant speed
compressor comparably built and with
the cooling coil and condenser more
ideally located.

When heating is required, the typical
hot water coil using engine heat is

installed in the air duct. The same
fans and also the same filters may be
used during the cooling cycle and during
the heating cycle.

27-9. COMPRESSOR

The compressors used at present
are mostly belt-driven from the engine.

They operate at slightly above engine

r.p.m. Therefore with the engine idling,

the compressors will revolve at ap-

proximately 600 r.p.m. and at maximum
engine speeds, the compressor will

revolve at near 5000 r.p.m., Fig. 27-14.

The compressor must be designed to

be fairly efficient and trouble free under

all of these conditions of variable

speed and low and high pressures.

Crankshaft seals must be of a

heavy duty type; the moving parts must

be balanced for all the varying speeds.

The compressor breathing, volumetric

efficiency, must stay up to a certain

minimum regardless of the speed.

Therefore, the valve and valve port

design must be excellent.

Either a rotary or reciprocating

compressor may be used. They arc

identical in operation to those explained

in previous chapters.

Several new designs aro being t<

which involve putting the compressor

in the trunk of the car or between the

trunk and the rear seat of the car and

driven by electric motors, hydraulic

motors, or mechanical drive by means

of a flexible shaft. Some of these I om-

pressors are hermetic. The pack*|

air conditioning unit is adapt to

heat pump use and could ! for

heating as well as cooling.

Service valves are provided for

mounting gauges in the low pr
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27-15. An exploded view of an automobile air conditioning compressor.

(Pontiac Motor Div., General Motors Corp.)

27-16. A section drawing of a wobble plate type com-
pressor. An exhaust valve is shown at the upper left.

The connecting rods are of the ball and socket type.

(Cadillac Motor Div., General Motors Corp.)

side and the high pressure side of the

system. See Fig. 27-15.

The Cadillac Div. of the General

Motors Corp. uses a wobble plate type

compressor having five cylinders, Fig.

27-16. This compressor uses a wobble

plate mounted on a double row of ball

bearings. These bearings run on an

inclined race which is fastened to the

rotating shaft. The suction line con-

nection is centered with the shaft. An
oil pump is mounted between the single

row ball bearings and the seal.

The compressor uses a magnetic

clutch. The solenoid coil is stationary

and when energized, it moves the inner

clutch plate into contact with the pulley.

Actuating balls placed in depressions

between the two clutch plates force

the plates apart as the inner plate

tends to revolve with the pulley. In this

way the necessary driving friction is

obtained, Fig. 27-17. This also shows
details of the crankshaft seal.

• Pulley

ley Bearing

VcluaMng Ball

Clutch Plate

27-17. Details of the magnetic clutch used on Cadillac

air conditioning compressors.

(Cadillac Motor Car Div., General Motors Corp.)
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HIGH

-.

MS£R 3744

27-18. The details of an air cooled condenser mounted
in front of the automobile radiator.

(Ford Motor Co.)

27-10. CONDENSER

The condenser is usually mounted
in front of the lower part of the car
radiator. The discharge line from the

compressor to the condenser usually

has a vibration absorber mounted in it.

The condenser is either the one, two

or three pass finned tube type. It is

firmly fastened to the radiator shell,

and much of the air going into the en-

gine compartment and through the rad-

iator goes through the condenser first.

The condenser is the standard con-

struction air cooled type. Fig. 27-18.

If the condenser is mounted in the

trunk, a separate fan is usually used to

force air through the condenser.

27-19. A trunk mounted type cooling coil (evaporator).

Note the sight gauge in the liquid line at the attachment

to the thermostatic expansion valve. The end air ducts

discharge the cooled air to the passenger compartment.

The center lines are for return to the cooling unit.

(Studebaker Div., Studebaker-Packard Corp.)

The refrigerant lines are usually
copper or flexible lines. Silver brazed
connections are used wherever pos-
sible, but flared connections are needed
where the units must be disconnected
for servicing. It is important that the
copper tubing be prevented from touch-
ing any steel parts of the car. Wear
and corrosion would quickly cause leaks
at the contact points.

27-11. COOLING COIL

The cooling coil of the automotive
air conditioner is the finned, forced
convection type. It is enclosed in a

metal housing that also serves as a

duct for the conditioned air. A moisture
drain pan and drain pipe must also be

incorporated in the unit, Fig. 27-20.

To be able to determine if the unit

is fully charged with refrigerant, a

sight glass is usually mounted in the

liquid line near the condenser.

A dryer is also standard equipment

in these systems.

Some systems mount the cooling

coils in the trunk of the car, while

others mount the coils in a front

fender well. A cooling coil, blove r,

and duct installation mounted under the

instrument panel is shown in Fig. 27-20.

The heating coil is mounted in the

fresh air intake opening and fastens to

the fire wall on the dash. Fig. 27-21

shows an instrument panel design for

air conditioning systems using a cooling

coil mounted up front.

27-12. ELECTRICAL SYSTEM

The electrical system of the auto-

mobile air conditioner is unique In that

a single wire system is u the

frame of the car a return

Aire or ground.

The main parts of the •

system ar :

l. Blower or blowi

2 Blower switch
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CONTROL
CUT-OUT SWITCH

EVAPORATOR
THERMOSTATIC

SWITCH

COOLING
AIR INLET

CONTROL PANEL

EVAPORATOR UNIT

27-20. A cooling coil mounted under the instrument panel.

(Ford Motor Co.)

3. Thermostat
A typical wiring diagram is shown

in Fig. 27-22. The electrical connec-

tions must be kept in excellent con-

dition, because the voltages are low

(6-8 Volts or 12 to 14 Volts).

This system uses a fast idle sole-

noid to permit sufficient comfort cool-

ing when parked or waiting for traffic

conditions to clear. The solenoid valve

usually opens a vacuum control that

automatically adjusts the engine idle

speed to about 7 50 r.p.m. It is wired

into the system to function only when
the car transmission is in neutral.

27-21. An instrument panel showing air conditioning

controls and noizles. The nozzles are adjustable to direct

the flow of cool air where wanted in the car.

(Pontiac Motor Div., General Motors Corp.)

Since the refrigerating mechanism
and its controls maintain the cooling
coil (evaporator) temperature within

certain limits, the amount and degree

WADE CONNECTOR

XSOLENO10

FAST IDLE MECHANISM jfl
-SOLENOID

\ .—. -CONNECTOR

©ns

27-22. A wiring diagram of an automobile air condi-

tioning unit that uses a fast idle solenoid and a com-
pressor pulley solenoid clutch.

(Pontiac Motor Div., General Motors Corp.)

of cooling within the car is controlled by

the amount or rate of air circulation

over the cooling coils. This air speed

is controlled by the speed of the blow-
ers. Some blowers have two different

speed steps, others are controlled by

a variable rheostat and a great range

of speeds may be provided. Fig. 27-23

shows a wiring diagram for an automo-
bile air conditioning system which uses
a solenoid clutch, two blower motors
with variable speed rheostats, a ther-

mostat, and a manually operated rheo-

stat in the thermostat circuit.
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The ducts are made of metal or

plastic. Fairly high air velocities are

used as the air movement noise is not

as critical as it is in an office or

residence.

A small controllable duct is usually

located between the fan and the outer

shell of the body to admit a variable

amount of outside air. This duct should

be large enough to admit as much as

7 5% fresh air. Grille covers the duct

opening in the car body.

27-14. FANS

Fans used to circulate air are of

the radial flow type (squirrel cage or

centrifugal type). They are driven by

D. C. motors either 6 V. or 12 V. These

motors must be serviced periodically.

SERVICE VALVE GAUGE PORTS MANIFOLD GAUGE SET

LOW PRESSURE GAUGE VACUUM PUMP

27-25. An illustration of the correct way to attach a

gauge manifold, auxiliary vacuum pump and charging

cylinder when charging an automobile air conditioning

system.

(Ford Motor Co.)

27-15. FILTERS

All systems use filters. Most of the

filters are of the maze-oil impregnated

type. These filters average 12 x 12 in.

and are 1/2 to 1 in. thick. This size

means that the air velocity through the

filter is high enough to cause a drop in

filter efficiency. It is very important

that these filters be replaced frequent-

ly (every three months average).

The filters are located at the intake

of the blower, and the filter is position-

ed to clean both the recirculated and

the fresh air.

27-16. INSULATION

Most car bodies are at present being

sound insulated. A very similar method
can also be used to heat insulate the

body. Fiber glass, glass wool, or any

low K valve non-settling flexible in-i

sulation is satisfactory.

The large amount of window area

allows considerable heat leakage and

also a high sun load. The use of tinted

glass reduces the heat load consider-

ably.

To avoid air conditioning the trunk

space, insulation is usually placed over

the back of the rear seat of the car.

This insulation also reduces the noise

level of the blower unit.

It is essential that the body of the

car be tightly sealed at all joints. The

door gaskets must be in good condition,

In addition to the usual water tightness

test of the car body, it should also b'

tested for air tightness.

27-17. BUS AIR CONDITIONING

The air conditioning of buses ha.'

progressed rapidly. Due to the size o:

the unit, most of the systems use •<

gasoline engine with an automatic start-

ing device to drive the compressor
The system is of standard constructior

except the condensing unit is made ai

compact as possible, and it is installec

in the bus in such a way as to b(

readily accessible for servicing.

Air cooled condensers are used

Thermostatic expansion valves witl

finned blower cooling coils are stand-

ard. The duct system usually runs in;

false ceiling in the bus. The ducts, on
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on each side of the bus, have grilles

at each passenger seat, controllable by
the passenger.

Freon -12 refrigerant is used.

27-26. A picture of the use of a halide torch to detect

refrigerant leaks on an automobile air conditioning

system.

(Pontiac Motor Div.. Genera! Motors Corp.)

27-18. SERVICING AUTOMOBILE
AIR CONDITIONING

Servicing the automobile air con-

ditioner is very similar to servicing

Standard air conditioning systems,

commercial systems, and coventional

.domestic systems. Chapter 1 1 should be

studied thoroughly before attempting to

27-27. The correct way to loosen or tighten a flare unit.

The flare nut wrench only should be moved. The open

end wrench is to keep the adapter fitting from moving

or a leak may be started.

(Pontiac Motor Div., General Motors Corp.)

do service work on an automobile
refrigerating system.

The method of installing the gauge
manifold is similar to procedure de-
scribed in Chapter 11. Always clean
the connections before removing any
caps or plugs. The service valve stems
must be back seated to seal the gauge
openings. The gauge manifold and lines
must be absolutely clean and dry both
inside and out. Never use a manifold
set that has been left open to the air.

For personal safety, always wear
goggles when working on the refrigera-
tion unit or with the cylinders. Avoid
breathing any escaped refrigerant. Al-

though the refrigerant is virtually

harmless, excluding oxygen is danger-
ous.

Always attach a gauge manifold to

the system before attempting to service

it. Compressors are fitted with gauge

openings at both the suction service

valve and the discharge service valve.

After installing an air conditioning

system on a car, an auxiliary electric

driven compressor should be used to

pump the system down and to charge

it. The system should be held under a

high vacuum for 24 hours at room
temperature before charging. Fig. 27-

25 illustrates a gauge manifold, vacuum

pump and charging cylinder connei

to an automobile air conditioning sys-

tem. Always refer to the manufart-

urer's service manual for information

concerning the amount of refrigerant to

be charged with a particular system.

Use gauges to check the operating

pressures. Lew head pressures in-

dicate lack of refrigerant in mos'

Check for leaks thoroughly each til

the unit is serviced. See Fig. 27-26.

It is important to remember that

good tools and careful use •
of th

tools are very important. 1 the

refrigerant lines are easil) I

two wrenches should alwa

when loosening or tightening i onn

tions, Fig. 27-27.
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27-19. DOUBLE FLARE

Most automobile air conditioning

systems use flexible refrigerant lines.

These lines are fastened to the com-
pressor, condenser, and cooling coil

27-28. A flaring tool used to make the double flare

which is the most common one used on automobile air

conditioning refrigerant lines.

(Imperial Brass Mfg. Co.)

by means of the double flare joint. Fig.

27-28 shows the tools used to make this

flare and the diagrammatic views of

the flare being formed.

27-19. REVIEW QUESTIONS

1. Does the heat load increase or
decrease as the automobiles

speed increases?

2. How are the engine mounted
compressors driven?

3. Where is the condenser mount-
ed?

5.

7.

8

10

11.

12

13.

14.

15.

What type of line connections

are used in these units?

Are the systems provided with

gauge connections?

What kind of a fan motor is

usually used?

Why is air distribution an un-

usual problem in the automobile ?

Do the automobile comfort cool-

ing units have a fresh air intake?

9. What is the maximum capacity of

an automobile comfort cooling

unit?

How much power does the com-
pressor absorb from the engine?
Why is slugging more likely in

the engine driven compressor
unit?

What refrigerant controls are
used on automobile comfort cool-

ing units?

Where is cooling coil usually

located?

What type filters are used?
At what speeds do the engine

mounted compressors operate
compared to the engine speed?

27-21. OPERATING DATA

A typical automobile air condition-

ing system will cool an automobile
which has been standing in the sun, and

is 110°F, down to 85°F in about 10 min-
utes; then down to 72° in 40 to 60 min-
utes.

Some "systems use 100% fresh air

while others use anywhere from no

fresh air (all recirculated) to 25%
fresh air.

The fans use approximately 200

watts and deliver from 250 to 275 cfm.

Air scoops or rams may be used to in-

crease the air flow.
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Chapter 28

FROZEN FOOD

REFRIGERATORS

Frozen foods refrigeration has
'rown rapdily in the last few years.
This field of quick or fast frozen foods

las touched all consumers; it has
:aused the development of new types of

domestic and commercial equipment,
ind it has presented new problems in

design, use, and servicing of frozen

food equipment. The use and servicing

Df domestic and small commercial
equipment necessary to quick freeze

foods and store these foods will be

studied in this chapter.

28-1. HISTORY OF FROZEN FOODS

Man's effort to preserve foods so

that no change in flavor, aroma, or

texture takes place, dates back many
years, but it has been only in the last

'ew years that this dream could actually

be accomplished and controlled. At the

close of the 18th Century, carcasses of

elephants frozen during the Glacial

period were discovered and frozen flesh

from these animals was still in a good

state of preservation. In our own coun-

try, the Early Americans froze pies,

puddings and meat for future use during

the winter. Perishable foods were first

frozen commercially in the United

States about 1875. By 1890, mechanical

refrigeration was adopted to freezing

foods but only on large applications of

cold storage. These processes are now

known as slow frozen foods. A retail

line of packaged frozen foods first

appeared on the market in Springfield,

Mass., in 1930. Its growth has been
accelerating ever since. The home
freezer and the domestic storage cab-

inet of the present design dates to just

prior to World War II, about 1939. It

is now possible with our latest develop-

ments to freeze foods at any time and

store them for fairly long periods.

28-2. ADVANTAGES OF FROZEN
FOODS

The advantages of frozen foods are

many and varied. Probably the most

important advantage is that it provides

the opportunity to preserve a food

supply for long periods without ser-

iously affecting the taste, aroma, or

texture. Frozen foods allow the con-

sumer to purchase in larger quantr

and in season, thereby saving money.

It allows the farmer to freeze his sur-

plus foods and tohold them until needed.

Frozen foods offer the housewif

method of preparing foods in quantity

and ahead of demand, thus

reducing her work. Christmas dinner

may be prepared in Octob iken

from the freezer Christmas morning

for final preparation.

Biologically, no other fora

preservation ran compare with I

freezing and then StOrJ

peratures (below v.) Research '
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indicated that micro-organisms (bact-

eria, yeasts, and molds) suspended in

water, frozen, and stored at freezing

temperatures (15 F. or below) are soon
killed. Enzymes (catalase and others)

which cause food spoilage, are con-

trolled more by low temperatures than

by any other form of food preservation.

Enzymes tear down tissue during stor-

age periods and their activity is doubled

for each 18 F. increase in temperature.

They are responsible for the respiring

of fruit and vegetables. Blanching does

much to minimize enzyme action. Thus
for storage at 50 F. the enzyme re-

action is theoretically eight times the

reaction rate for -4 F. Research in-

dicates that to preserve some foods for

long periods (one year or more) the

temperatures must be held well below

F. (-20 F. or lower for best results).

Meat, poultry, and fish have im-
portant collodial changes that must be

minimized, and low temperatures are

an aid in minimizing this action.

Commercial frozen food must be

of good quality, must be carefully

prepared for freezing, and it must be

kept at low temperatures all the time

until it is made ready for consumption.

28-3. MICRO-ORGANISMS

There is some difference of opinion

on exactly what happens to foods when
they are frozen, and what the scientific

explanation of frozen food preservation

is. However, it is generally accepted

that the freezing destroys or makes
dormant most of the micro-organisms.
These organisms are extremely small,

live cells that exist in all foods.

Bacteria are one common form of

micro-organisms as are molds and

yeast.

28-4. ENZYMES

Enzymes are those miniature part-

icles of matter that exist in all food

substances. They are not destroyed
|

by fast freezing, but their increase is i

minimized by the low temperatures, ii

They seem to serve as catalytic agents

or as stimulants of organic change. II

They are destroyed by pasteurization.

28-5. COLLOIDS

Colloids are peculiar to meats. If

They are miniature cells in meats, I

fish, and poultry. If they are abused !

in any way, such as cell disruption, I

the food quickly becomes rancid. They
seem to be containers or capsules and |l

if this shell is ruptured the food

rapidly deteriorates.

28-6. ICE CRYSTAL FORMATION
jt

Fast freezing produces exceedingly

small ice c rystals, whereas slow freez-

ing gives time for larger crystal ii

28-1. A freeier cabinet liner in which the cooling coils

are attached directly to the outside of the liner surface,
j j

(Kold-Hold Mfg. Co.)

growth. The larger the ice crystals the

more the cell walls are ruptured, and

the more the salts are concentrated.

28-7. VEGETABLES

Vegetables that are usually cooked

prior to serving are very successfully:

preserved by fast freezing, provided

they are scalded first. Vegetables

usually eaten in their raw state cannot

as yet be successfully frozen. The I
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aiding action preserves color, tex-

ire, and the vitamin content. It min-
nizes the enzyme action.

3-8. FRUITS

Sugar solutions give protection to

"ozen fruits and therefore practically

11 are put in a sugar solution prior to

feezing. These fruits rapidly discolor

pon being unfrozen (oxidation) and

iiiust be consumed immediately (2 hours

[r less).

J-9. MEATS, FISH, POULTRY
I

The three major items to guard

gainst are drying (freezer burn), ran-

idity (oxidation of the fat tissue), and

iscoloring (oxidation of other muscle

ssues).

MO. ICE CREAM CABINETS

One of the earliest types of cab-

lets used for home storage of frozen

pod was the ice cream cabinet de-

scribed in Paragraph 18-15. This cab-

let was easily adaptable to frozen

ood storage, because the normal tem-

perature range for ice cream storage

; F. to 10 F. There was little need

B change any of the construction, and

;'.ily slight changes in motor control

luttings were needed.

8-11. EARLIER FROZEN FOOD
CABINET DESIGNS

When frozen foods started to appear

n the market in volume, several com-

anies produced special frozen food

abinets. One of the first among these

as the "Deepfreeze" produced by

Motor Products, Inc. This design was a

bound cabinet type, opening from the

!>p and sold either as a single cabinet

jr double cabinet type. It was a self-

tontained unit with the condensing unit

lailt in the base of the cabinet. The

other early makes were very similar
to those produced now with the excep-
tion of the refrigerant control and the

condensing unit. The earlier models
used thermostatic controlled expansion
valves and open-type condensing units.

28-2. A freezer cabinet using refrigerant plates.

(Kold-Hold Mfg. Co.)

28-12. INSULATION

The early frozen food cabinets used

about four inches of cork insulation.

Insulating materials have varied

through the years until now the ma'

ial used must not absorb moisture,

should reflect some heat, must bo fairly

inexpensive. As in all refrigeration in-

sulations, the properties of being non-

settling, low weight, low cost, vermin-

proof, moisture-proof and non-hydro-

scopic are desirable.

28-13. CABINET CONSTRUCTION

The modern freezer cabinet La

structed of steel with welded,

external shell seams to prevent the

entrance of moistur

per is formed from on

steel with a vertical seam Located In

the back. The bottom is cut

and then welded to the

Reinforcement pla ntl X

fastened to the inside of thi

for increasing the r.

companies use a stamp'
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angle iron frame. The outside is usually

finished with a coating of baked enamel.
The inside liner is made of a plated

piece of steel, copper, or aluminum to

prevent corrosion. It is usually welded
into a moisture tight tank. The tubing

for the refrigerant is then attached to

the outside of the inner liner. One form
of a special liner is shown in Fig.

28-1, where refrigerant passageways
are an integral part of the liner.

Another method is to use an inner tank

without refrigerant surfaces and install

refrigerated plates inside the liner.

This method is popular in the larger

cabinets. Fig. 28-2. In all the cabinets

28-3. The external steel shell is seamless and the inner

lining is the cooling coil. Note how the insulation takes

up all the space available.

(Kelvinator Div., American Motors Corp.)

the separate liners are assembled, and

the space between them and the outer

wall of the cabinet, usually 4 to 5

inches, is packed with an insulating

material, Fig. 28-3.

The top edge is covered with a

plastic or metal strip, and all joints

are sealed against moisture. The lid is

usually constructed of steel, and the lid

is usually made air tight by using soft

synthetic rubber gaskets. Some units

use an electrically heated resistance

wire at the door or lid joint to prevent

moisture from freezing the door shut.

The condensing unit is generally mount-

ed in the bottom or end of the cabinet,

making it a self-contained unit.

28-14. FAST FREEZING
TEMPERATURES

The fast freezing temperature de-

pends on the freezing method usee

and varies from -50 F. to -20 F. Thd1

indirect immersion method where the
1

"

food is placed in containers and thei

submerged in a brine uses a tempera-

ture of approximately -45 F. to -50 F

One method of pumping refrigeran

through a tube inserted in poultr

freezes them rapidly using a -30 F. ti

-50 F. temperature. Freezing in a re-

frigerated room at temperatures onl;

slightly below freezing with only mod-

erate air circulation cannot properly b»

termed fast freezing, but is known a;'

"sharp" freezing. Higher velocity ai

blasts (up to 2000 ft./min.) are ver

successfully used for fast freezing.

28-15. FROZEN FOOD
TEMPERATURES

Zero to -10 F. is accepted as th

best storage temperatures for mo.'

frozen foods. These temperatures ar

practical for the owner of a freeze

who must store all of the varioivj

foods in one cabinet. These tempera

tures are also used in most locke

plants. The larger warehouses ai

equipped to store different foods a

different temperatures best adapted t

prolong the safe storage period fo

each different food.

28-16. PREPARATION OF FOOD FOR
FREEZING

The most important stepinfreezin

food is to freeze only the best qualit

foods and to pick those varieties

fruits and vegetables that freeze th

best. Freezing will preserve good qua!
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Tty, but it will not make good quality

foods out of bad.

28-17. PREPARING VEGETABLES

Vegetables must be thoroughly

cleaned and prepared as if they are to

be served at once. They must be blanch-

_ed in boiling hot water for a definite

period to preserve natural flavor, tex-

ture, color, and food value. Blanching

(scalding) is necessary to stop the

action of enzymes (Paragraph 28-4).

After blanching, cool the food in cold

running water or ice water at once and

package it in small packages made of

moisture-vapor proof materials. There
are several kinds of these containers

on the market to meet the various needs

of the consumer. Freeze the food as

soon as possible at low temperatures of

-10 F. to -20 F.

which need blanching while all the

others do n'>t. Fruits may be packed in

syrup, dry sugar, or without sugar.
Pack the fruits in containers of proper
size for use later, and then freeze it.

Frozen fruits discolor rapidly upon
melting and only immediately consum-
able quantities should be frozen in a

package.

28-19. PREPARING MEATS

The freezing of meat is very simple,

requiring only that it be cut in pieces

suitable for table use, packaged in

moisture-vapor proof covering and then

frozen. Freeze the meat as quickly as

possible to retain the best flavor and

quality. Wild game and poultry may be

frozen just like beef.

28-20. PREPARING
MISCELLANEOUS FOODS

Many other foods may be frozen,

and the preparation is simple in most

cases. Simply prepare the food as you

would for immediate consumption,

package in an appropriate container

and freeze. The list includes cooked

dishes, sauces and dressing, soups,

melons, dried fruit packaged foods,

cereals, pies and pastries, bread and

rolls, lunches, desserts and salads,

and leftovers. Bread may be freshened

by freezing it and will stay fi

indefinitely in the freezer.

28-4. A combination freezer and refrigerator.

(Ben-Hur Mfg. Co.)

28-18. PREPARING FRUITS

When freezing fruits, speed is very

mportant as fruit loses flavor and

color rapidly. Apples are the only fruit

28-21 STORAGE TIME FOR FROZEN
FOODS

The storage time for frozen :

is influenced by many fad

storage temperature, t ' linar,

condition of food when

kind of food. Fruits andvegi

be stored from season to *itn

little loss in flaw
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28-22. FREEZER BURN

The air in a freezer is relatively

dry and unless foods are packed in a

moisture-vapor proof container, there
will be a steady loss of moisture from
the food. After periods of only two or
three months light gray spots or areas
will appear on the surface of meats and
these spots are known as "freezer
burn." It is caused by a loss of

moisture (drying or dessication).

Freezer burn may affect all foods, but

the indications of it will vary. Freezer
burns may not injure the food value or
taste of a food. Proper packaging will

28-5. A chest type freezer. The condensing unit is

located in the left end.

(The Coolerator Co.)

eliminate the danger of this condition,

particularly if in packaging, all of the

air is expelled, and a vapor proof

container is used and thoroughly seal-

ed.

28-23. FROZEN FOOD SYSTEM
CAPACITIES

Frozen food system capacities vary
from the small kitchen size storage

unit to the large storage warehouse
where tons of frozen foods are stored.

A small kitchen cabinet unit on the

market has a capacity of 3.2 cu. feet

and is ideal for the average size kit-

chen. Most domestic refrigerators have

small size frozen foods space in com-
bination with the regular refrigerator

storage space. See Fig. 28-4. The latter

are known as dual-temperature boxes.

The next common size is a 5 or 6

cubic foot cabinet either of the chest

or upright type. These cabinets are

manufactured for use in the utility

room or basement. Other storage and

freezing cabinets vary from 6 cubic

feet up to 60 cubic feet for farm use.

A small locker plant might have as

many as 200 or more lockers. Some of

the larger ones contain over a thousand.

28-24. LIFT TOP CABINETS

The lift top cabinet is known com-
monly as the chest type. Its big ad-

vantage is a minimum loss of cold air

when opened. See Fig. 28-5. This type

of cabinet is the one described under

Cabinet Construction. It is not quite as

convenient to put food into or to re-

move food from, but otherwise it is the

preferred cabinet and many of the

freezers made up-to-date have been of

this construction.

28-25. VERTICAL TYPE CABINETS

The upright type combination freez-

er and household refrigerator is now

in common use. Some of the manufac-

turers since World War II have made a

freezer twin to this type refrigerator

cabinet which contains several enclosed

sections. These sections are construct-

ed of drawers, or they have fixed

shelves with a door in front of each

section. These freezers are made for

use in the kitchen along with a regular

refrigerator. The shelves are usually

made of flat refrigerant coils, Fig.

28-6. They are easily accessible but

their cost of operation may be a little
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nigher due to loss of cold air spilling

lout when the outside door is opened.

•Also, these upright freezers tend to

gather frost more rapidly than the

chest type. The vertical freezer cab-

inet is gaining in popularity in the

commercial field, Fig. 28-7.

means to enable the cabinet to be
locked. The doors are made ofpressed
steel and are insulated with from 2 to 4

28-7. A commercial design upright food freezer.

(Ryan Electronics Inc.)

inches of insulation. They are her-

metically sealed at the factory. The
common gasket used is the balloon-

type live rubber gasket such as used on

domestic units.

28-6. An upright frozen foods cabinet.

(International Harvester Co.)

28-26. HINGES, LATCHES, DOORS,
AND GASKETS

The upright models of home freez-

ers have hardware similar to the

standard domestic refrigerator. The
chest type, however, has hardware
with some special features. The hinges

are usually provided with coil springs

which will hold the cover in any set

position between 5 degrees open, up to

90 degrees open. The springs also

counter balance the weight of the door

so it may be raised with a minimum of

effort. See Fig. 28-8. The latches are

usually made of chrome-plated brass

and are of fairly heavy design. They are

generally provided with a hole through

the handle and striker or some other

28-8. A chest type freexer. Nr'

condensing unit space and the location

(Be

hardw«r«, the

of th« controli

671



MODERN REFRIGERATION, AIR CONDITIONING

28-27. HERMETIC INSULATION

The problem of moisture getting into

the insulation (Paragraph 28-12) seems

to have been eliminated by the process

of hermetically sealing the outer por-

tions of the cabinets and doors against

the entry of moisture laden air. There

are several methods of accomplishing

this result of sealing, but briefly it is

a process of welding the cabinets into

sealed containers after the insulation

has been put in. The welding is done in

a place where humidity has been re-

duced to a minimum. The interior must

be dried as thoroughly as possible

before it is sealed to eliminate resident

or residual moisture as much as pos-

sible. If the cabinet is not thoroughly

sealed, ice will eventually form in the

insulation causing severe sweating and

may even destroy the cabinet. It is

more important that the outer shell be

sealed than the inner shell as any outer

shell leak produces an accumulation of

moisture in the insulation, while an

inner shell leak will remove moisture

from the insulation. In servicing freez-

ers, it is sometimes necessary to re-

move and install all refrigerant, motor

control, and thermometer lines which

pass through the cabinet insulation. It

is very important that such openings

be thoroughly sealed with a plastic

sealer immediately after the repairs

have been completed, otherwise such

openings will soon allow moisture to

collect in the insulation.

28-28. COOLING COIL DESIGN

The three coil designs widely used

are the tank coil (Fig. 28-1), the plate

coil (Fig. 28-2), and the blower coil

used in larger units. Most of the

chest type freezers use the tank or

liner type coil. Some of the chest

types and all of the upright types use

a plate coil, and large units use a

combination of plates and blower coils.

28-29. REFRIGERANTS AND
REFRIGERANT CONTROLS

Refrigerants for freezers should be

capable of giving the desired low tem-

peratures, -10F. to -20 F., with a low

side pressure of approximately atmos-

pheric. The high side pressure should

not be excessive. The gas volume

pumped must be small in order to keep

the size of the compressor at a min-

imum. For instance, if sulphur dioxide

were used as a freezer refrigerant.

PILOT CONTACT
TERMINALS

THERMOSTAT WIRE

28-9 A typical freezer alarm system. This is a battery

operated unit and is independent of electrical power

failure. It must be connected to a thermostat or to a

special unit thermostat. The batteries are good tor SO

hours or 12 months idle time. It has both a sound and

a visible indicator.

(Kelvlnator Div., American Motors Corp.)

the compressor would need to be much

larger than the compressor now in use.

The two most common refrigerants

which meet freezer requirements are

Freon -12 and Freon -22. See Para-

graph 8-7 and Paragraph 8-9 for char-

acteristics of these refrigerants.
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The small modern frozen foods

cabinets usually use a capillary tube as

a refrigerant control. For a description

of this control see Paragraph 5-19.

Some units employ a thermostatic ex-

pansion valve as the refrigerant con-

trol. See Paragraph 5-6 for a discussion

of this valve. Older cabinets may be

found with a low side float valve, but

these are no longer produced. Some
experimenting has been done using high

side floats.

28-30. MOTOR CONTROLS

Home and farm freezers usually

employ a thermostatic motor control

designed for the lower temperature
setting but otherwise identical to the

domestic refrigerator type. These con-

trols are explained in Paragraphs 6-8

and 6-10.

The larger farm freezers and locker

plants use a thermostat and solenoid

combination to control box tempera-

ture and a pressure motor control (see

Paragraphs 19-31, 19-32, and 19-41)

on the condensing unit. The thermostat

in the box or room operates a solenoid

valve in the liquid line so that, when

the cabinet or room reaches the desir-

ed temperature, the refrigerant flow is

shut off, this causes the low side

pressure to drop and the pressure

motor control to stop the condensing

unit. When low side pressure has been

reduced sufficiently, the pressure

motor control on the condensing unit

shuts the unit off. A more constant

cabinet temperature can be maintained

with this type of hook-up.

28-31. ALARM SYSTEMS

Because a frozen foods cabinet may

contain food worth a great deal of

money, and a rise in temperature

would cause considerable spoilage,

some device is usually provided to

protect the consumer in case the unit
fails. The*-e are several makes of
alarm systems on the market, but
basically they are all similar. They
consist of a control bulb suspended
inside the cabinet which is connected
to a mechanism that operates a light,

a bell, or a buzzer.

A source of electrical power com-
pletes the system. The source of power
may be batteries, Fig. 28-9, or a

transformer may be connected to any

other electrical circuit in the house

except the unit circuit.

When the freezer temperature

rises, it causes the control to close

and complete the electrical circuit,

which causes the light to operate or the

bell or buzzer to ring. The alarm should

start to operate when the compartment

reaches 15 F. The alarm control bulb

should be located near the food that

would become warm first. If the type

requiring 110 volts is used, it should

be connected to a different fused cir-

cuit than the one operating the unit. If

the battery type is used, the batter,

should be checked at frequent intervals

to ascertain their charge.

A wiring diagram of a 6-volt alarm

system connected into the regular wir-

ing system is shown in Fig. 28-10. The

combination thermostat and alarm con-

trol will cycle the control, but if the

unit will not start or Lfthe temp*

continues to rise the alarm circuit is

closed. The control switch is used to

eliminate the cycling control dunnp

freezing operations (control is mo

to the left). When normal rye Ling la

desired this control switch is moved to

the right. If the control switch is Left

open, it will indicati red,

it is important to remember tl

well-filled frozen food cabinet will

maintain safe temperature for 48 t<

hours after the unit fails, and also

ice can be used as the cooling a|

until service can be reaumi
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28-10. The wiring diagram of a 6 volt alarm system. The thermostat also includes the alarm switch and the
alarm bell will ring if for any reason there is an excessive temperature rise.

(Philco Corp.)

28-32. DEFROSTING

Frost will slowly form on the cold

walls of a freezer which must be re-
moved when it interferes with the use of

the cabinet or the closing of the lid. A
freezer normally needs to be defrosted
only once or twice a year. Use a
wooden paddle or a fiber brush to re-
move the frost. Be careful not to

scratch or otherwise damage the inside

surface of the cabinet. When a more
complete defrosting job is required or
desired, select a day when the food sup-

ply in the cabinet is low. Wrap all

the food in newspapers or pack it in dry

ice, and then proceed to defrost the

cabinet by shutting off the power and

washing the inside with baking soda

and water. The inside of the cabinet

must be thoroughly dried before start-

ing the unit. Replace the food only after

the cabinet temperature is below 32 F.

28-11. A wire basket arranqement for a chest type
freezer.

(Hotpoint Inc.)

28-33. SECONDARY DOORS

Secondary doors are those doors

on each individual inner compartment
of an upright type frozen foods cab-

inet. Such doors prevent the spilling

out of cold air from the other com-
partments and they minimize frost

collection. These doors are usually

spring operated and are made of metal,

glass, or plastic.

28-34. SHELVING

Shelving in a chest type freezer
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TANK
and VAPORIZING COIL

COMPRESSOR

28-12. A freezer cabinet refrigerating unit (condenser arrangement).

(Kelvinator Div., American Motors Corp.)

Insists of wire baskets at the bottom models consists of from 4 to B 1

rf the compartment. Fig. 28-11 shows a frigerated shelves made into.n,Uv dua

ypical example of the chest type ar- compartments complete w.th induIdusl

angement. Shelving in the upright doors. In lockor plants tiers of drswri
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form the lockers. In most cases the

shelving used in freezers is part of the

cooling coil.

28-35. CONDENSING UNITS

Home and farm freezers employ
various types of condensing units. The
small home freezer usually has a her-

metically sealed condensing unit. For
complete information on this type of

unit, refer to Chapter 16 and 17.

Kelvinator employes a rather unusual

condensing unit arrangement as shown
in Figs. 28-12 and 28-13. The con-

denser for this unit is mounted just

inside the outside shell and is of the

plate type. The larger home freezers

use the conventional open type con-
densing unit. Another type being used

!

|
PLASTIC 1KIM

) TANK FRAME 7 /

28-13. The wall construction of the Kelvinator freezer

showing the condenser coils (left side) against the outer

wall of the cabinet.

(Kelvinator Div., American Motors Corp.)

on some freezers is a semi-hermetic
unit. One of these is the Copelamatic
shown in Fig. 28-14. The condensing

unit of a frozen food unit must be about

50% larger for the same volume cabinet

as the typical domestic refrigerator.

This increase in size is mainly due to

the low suction pressure causing the

suction gas to occupy more volume and

28-14. A sealed compressor unit for freezers. This unit

is a bolted assembly. Note the service valves and motor

terminals.

(Copeland Refrigeration Corp.)

the greater difference between the :

suction pressure and the condenser;

pressure. Fig. 28-15 illustrates a

smaller unit using a static condenser.
.

28-36. COMPRESSORS

Freezers are manufactured usinj,

the reciprocating and rotary compres-
sors. Some models have sealed com-

pressors; others use open-type com-;;

pressors. A small hermetic compres-

sor is shown in Fig. 28-16. Note th'

motor protection devices and the start

28-15. A sealed unit with a natural convection coi

denser.

(Tecumseh Products Co.)
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£8-16. The internal design of a very compact com-
jressor: S. Stator; R. Rotor; O. Crankshaft; X. Cylinder;

3. Condenser connection; A. Suction line connections.

(Tecumseh Products Co.)

.ng relay on the right (AA, AB, and Z).

\ hermetic compressor used in larger

systems is shown in Fig. 28-17. For

nformation on various compressors,

see Paragraph 4-17 for rotary; Para-

graph 4-4 for reciprocating types.

28-37. MOTORS

The types of motors used on freez-

ers can be divided into two groups.
The sealed-type condensing unit uses
an induction motor with a starting wind-
ing operated by a relay. For more
information on induction motors con-
sult Chapter 7.

A small fan motor is sometimes
used to increase the air flow over the

-VV

I _i

thermostat
€>'

Ht*k
L.f_? il_, aL0C "

n\

28-18. A wiring diagram of a frozen foods refrigerating

unit.- Note the relay, terminal block, and the warning

device with the special thermostat.

(Carrier Corp.)

LID LIGHT

t MERCURY
SWITCH

SEPARATE LIGHT v
PLUG /

JUNCTION BOX

SERVICE CORD
PLUG

TEMPERATURE
CONTROL

SIGNAL LIGHT

MOTOR OVERLOAD
PROTECTOR

.1 i CO
fc£/-M 1 CO

J^rs r -©

I®,
START

£

COMPRESSOR
MOTOR
PLUG

28-19. A wiring diagram of a froien foods unit and

cabinet. A mercury switch completes the lid light circuit

when the lid is lifted. The signal light is energ.x.d wh.le

the unit is running.

(Franklin Mfg. Co.)

condenser, and it is also of the in-

duction type.

The other type of motor widely

used on conventional condensing units

is the capacitator type. For more in-

formation on this motor, also consult

Chapter 7. Fig. 28-18 illustrates a

28-17. A high capacity hermetic compressor unit. A. complete wiring diagram for a h.-r-

Suction service valve; B. Discharge tube; C. Exhaust me^c type frozen food cabinet. Note
valve; D Piston. warning light is energized by

(Tecumseh Products Company) how tne warning "K
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a thermostat built into the same de-
vice that controls the cycling of the

unit.

A complete wiring diagram for a

chest type frozen foods unit is shown
in Fig. 28-19. Many of the cabinets

use electrical heating elements to pre-
vent sweating and freezing at the door
gasket joints. Fig. 28-20 illustrates

a wiring diagram showing a drier coil

(heater), an alarm system, the motor
circuit, etc.

28-20. Chest type frozen foods cabinet equipped with

hermetic unit, forced convection condenser and service

valves.

(Frigidaire Div., General Motors Corp.)

earlier, Paragraph 28-35, the conden-

ser is mounted just inside the outside

shell while others are placed with the

condensing unit. On larger units water-

cooled condensers are used, Chapter '

19.

28-39. RECEIVERS

On many freezing units, particularly

the older models, the conventional
'

liquid receiver is used. The small

home freezers today employing a cap-

illary tube control do not have a sep-

arate part for a receiver, but the

lower section of the condenser serves

the same purpose.

It should be noted that in freezers

using the capillary tube refrigerant

control the greater portion of the liquid

refrigerant will remain in the cooling

coils during both the running and off

part of the cycle.

28-40. BELTS

Many older models and some recent

model condensing units use belts. For
more complete information on belts,

alignment and care, consult Chapter 7.

28-41. LIQUID LINES

The liquid lines are now practically '

:

all connected by silver brazing. On

capillary units, the liquid line is the

capillary tube. These liquid lines are

generally soldered to the suction line > :

for two to four feet for heat exchange,

and they must be carefully mounted to

prevent vibration rattles.

28-38. CONDENSERS 28-42. SUCTION LINES

The condensers used on freezers

are the same as those found on domes-
tic refrigerators. This includes the use

of the finned condenser, both forced

and natural convection, and the plate

condenser. On one model mentioned

Because of the low temperatures,

and because some refrigerants tend to

frost back, it is sometimes necessary

to use heat exchangers to warm the

return gas and it may also be necessary

to insulate the return line with sponge
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m
rubber to prevent sweating and drip-

ping. Mount the suction line carefully

to prevent vibration rattles. The suction

line fittings are usually soldered. The

openings into the cabinet where the

Lines must go to reach the cooling unit

must be made air tight with some
mastic tape or ice will accumulate,

IFig. 28=21.

THERMO BULB
ENTRANCE
TO CABINET-

ALARM
SWITCH

many sections and should be followed

in all cases, as any interruption of

electric current might become very

costly to the owner. To actually start

the unit, plug it in to the outlet plug and

turn the thermostat control knob to

the "On" position. There arenovalves

to be opened on the smaller home
freezers using sealed units. On other

freezers, check the starting instruc-

tions before turning the unit on. In all

cases remove the shipping bolts that

are used to hold the condensing unit

ALARM
BATTERIES

EMPERATURE
ALARM

LIQUID LINE

FILTER
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to be frozen will also affect cycling

time a great deal. In general, it can be

said that it will run about one-third

of the time. In other words it may run
5 minutes and be off 10 minutes, or it

may run 1 hour and be off 2 hours.

The important point here is that any
unusual change in cycling time should

be investigated immediately, as it may
indicate trouble developing in the sys-
tem.

28-45. SHUTTING DOWN FROZEN
FOOD UNITS

When shutting down the frozen food

unit, special precautions should be
taken to prevent rusting and to eliminate

odors. After the electrical plug has
been removed or the current shut off

by a switch, allow several hours for

the unit to completely defrost. When
the defrosting is completed, remove all

the excess water and wash the inside of

the cabinet with a solution of baking
soda and water. Thoroughly dry the

inside of the box. A portable heater
set inside the cabinet will speed up
this step. Leave the doors or lids

ajar slightly to allow circulation of

air during the shut down period.

'MUST

CAREFULLY SEALED

28-23. Sealing the cabinet openings. A. Cabinet; B.

Compressor; C. Condenser; D. Balanced door hinge;

E. Motor control.

28-46. UNIT TROUBLES

Home freezers are subject to all

the trouble that may occur in domestic
refrigerators (Chapters 11 and 17) and
in addition, due to the lower tempera-
ture involved, there are a few new
troubles. These include (a) ice forma-
tion, (b) moisture in the system, and
(c) wax separation in the system. These
will be covered in more detail in the

following paragraphs.

28-47. ICE ACCUMULATION

Ice formation is a condition which
will interfere with (a) the operation of

the lid or doors, and (b) the running

time and temperature of the unit if

sufficient accumulation of ice occurs
inside the box. Ice forming between the

outside and inside liners of the cabinet

in the insulation will cause consider-
able trouble.

The first condition mentioned above
is usually caused by a leaky gasket
seal. It may be that the seal has lost

its life or is broken; in either case
the rubber gasket should be replaced.

The trouble may be that the hinges or
lock needs adjusting. A flat slip of

paper inserted between the door and
the cabinet should be held tightly when
the lid is closed. If this paper pulls

out easily, it means the gasket is not

tight, and the hardware must be adjust-

ed and the gasket replaced.

An excessive accumulation of ice in

the food storage space acts as insula-

tion and may result in poor cooling

down time for foods placed in the cab-
inet.

Ice accumulation in the insulation

is a more serious trouble as it in-

dicates an air leak in the exterior

cabinet seal allowing warm airto enter

this space. The warm air being cooled

on contact with the inner liner gives up

some of its moisture in the form of

ice in the insulation or on the liner. If
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ithis condition is not corrected, enough
ice will eventually build up to buckle

r.the sides of the cabinet.

The only way to remedy this trouble

is to remove the dry insulation, dry
out the space between the liners, repack
with dry insulation, and completely seal

[the two liners against the entrance of

[air.

This ice accumulation is one of the

,main troubles occurring with impro-
perly or carelessly constructed units;

it also reduces the insulating ability

of the cabinet, and the unit will run

•considerably more.
An accumulation of ice in the in-

sulation of a freezer will generally be

ndicated by a cold spot on the outside

surface of the freezer or by condensa-

tion on the outside surface. Also, if

the insulation is badly iced up, the

condensing unit may run continually.

|[ced up insulation will melt and drain

When the freezer is shut down and

illowed to warm up for several days.

28-48. WAX IN THE SYSTEM

All oils including those used in re-

frigeration systems contain a small

amount of wax. This presence of wax

aas presented a real problem to re-

frigeration engineers ever since the

earliest low temperature cabinets were

i milt. A small amount of oil circulates

.vith the refrigerant, and due to the

sudden expansion occurring at the orif-

ice of the refrigerant control and the

low temperature and pressure at which

i:his expansion occurs, a small amount

Df wax is separated from the oil and

collects in the refrigerant control orif-

.ce. It accumulates over a period of

|:ime until the valve becomes restricted

or clogged completely. The only remedy

lifter this clogging has occurred, is to

remove the valve and clean it or to

"eplace the valve. When servicing froz-

en foods equipment, be sure to use a

horoughly de-waxed oil.

For ordinary household and com-
mercial refrigeration and in condition-
ing service most refrigerant oils arc-

satisfactory. However, for service in
food freezers, a completely de-waxed
oil is necessary.

Moisture in the system will form in

the refrigerant control at the point of

expansion. This moisture may be
effectively removed by inserting a

dehydrator in the liquid line.

28-49. INEFFICIENT CONDENSING
UNIT

The efficiency of the condensing

unit depends on several factors. Each
one must be considered to determine

which one is causing the unit to be

inefficient. The compressor is the

most important factor, and any one of

several things may cause it to be

inefficient. The most frequent reason

is leaking compressor valves. A slip-

ping belt may also cause a compressor

to be inefficient. Worn pistons, piston

rings (if used), and/ or a worn cylinder

bore may all cause inefficient pumping.

The next most important factor is

the condenser and air flow over the

condenser. The condenser surface must

be clean for highest efficiency, and

enough clearance must be allowed

around the cabinet for free movement

of the air that passes over the con-

denser.

Another factor in an Inefficient unit

may be a faulty motor. All the various

parts of the condensing unit must be

checked carefully and put in perfect

condition to get top efficiency from the

unit.

28-50. SERVICING FROZEN FOOD
UNIT

For servicing the open t-

densing units, refer to Chapter 11. 1
or

servicing hermeti : tM

Chapter l7,Thepro
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ly due to the differences in cabinet

design and construction. However,

some of the more common service

pointers are as follows: during the

overhaul or exchange of the refrigerat-

ing unit, it is essential that the frozen

foods be kept refrigerated. These foods

will stay at a safe temperature in the

cabinet for 48 to 72 hours after the unit

is shut off. The service man can make

a temporary frozen foods box from any

available container and use dry ice to

keep the food frozen. Rumpled news-

paper makes a good temporary in-

sulation.

When dismantling a cabinet the tar

(hydrolene) seals may be easily and

neatly removed with a hot knife. Use

this tar generously when resealing.

The tar should be carefully melted in a

double boiler with water in the outside

boiler. The melting of the tar is an

extremely dangerous operation so it is

necessary to be very cautious.

In case the unit has a bad thermo-

stat, it is safe to connect the unit

directly so that it runs continuously

until a new thermostat can be obtained

and installed. In this latter case, the

owner can be instructed to shut the unit

off for an hour every other hour or two

hours, or allow it to run continuously

as this will do no harm and will assure

ample refrigeration.

Whenever it is suspected that there

is moisture or wax clogging the re-

frigerant control, it is very important

to keep the ice or wax locked in the

control until the control is removed.

This precaution will enable the service

man to remove the wax or moisture

from the system permanently. The

simplest way to keep the wax or ice

in the control is to pack the valve in

dry ice until the valve can be removed

from the system. The valve may then

be warmed and the moisture or wax
removed.

28-51. REVIEW QUESTIONS

1. List three advantages of frozen

foods.

2. What was the date on which a

retail line of frozen foods first

appeared on the American mar-
ket?

3. What is caused by the action of

enzymes?
4. What type of insulation is used

in modern freezers?

5. List the steps for preparing

vegetables for freezing.

6. What is meant by hermetic in-

sulation?

7. What two refrigerant control

systems are commonly found on

frozen food cabinets today?

8. How often should a freezer be

defrosted?

9. A 6 cubic feet home freezer

would probably have what kind of

condensing unit?

10. What is meant by freezer burn?

11. What is highest temperature at

which beef might be stored for 6

months ?

12. What is the best temperature

range for any home freezer?

13. Most frozen foods cabinets use

what kind of motor control?

14. Why is it important to have an

open space around a freezer

especially near the condenser?

15. Which condition of ice accumula-

tion mentioned in this chapter is

the most serious?

16. How does wax get ina refrigera-

tion system?
17. Give two (2) ways moisture mayi

enter a system.

18. What may be used to remove

moisture from a refrigeration

unit?

19. What service jobs can be per-

formed on a hermetic unit?

682



Chapter 29

TECHNICAL

CHARACTERISTICS

29-1. VORTEX TUBE

An interesting device that produces
both cold and heat is the vortex tube.

Two tubes are connected at right

liangles to each other. One tube has a jet

iwhich directs air tangential to the

Inner surface of the other tube, Fig.

'i29-l. When room temperature air at

iil 50 psig is introduced at A, the tem-
peratures of the exhaust air at B and C
ilmay be as much as 200 F. different.

The temperatures at C have been

(lowered to -36 F. under certain con-

ditions.

29-2. ELECTROLYTIC MOTOR
STARTING CAPACITOR*

Electric motor driven equipment is

lsually powered by single phase frac-

tional horse power alternating current

motors. The development and perfec-

tion of economical high capacity elec-

trolytic AC capacitors has made pos-

isible the practical use of electrically

efficient high starting torque capacitor

motors.

The capacity used for any motor is

'chosen to give the maximum starting

Itorque. This is determined by the

motor manufacturer. In the field, when

(the replacement of the capacitor is

necessary, the replacement unit should

have the same capacity as the original

*Courtesy of Aerovox Corp.

unit. If the identification marks on the
original unit are lost, the service man
must determine the proper sized unit

to be used.

The circuit diagram of a typical

capacitor-start single-phase induction
motor is shown in Fig. 29-2. The pur-
pose of the capacitor is to produce a

current in the starting winding which
will produce a magnetic field that will

combine with the main winding and
produce a high starting torque. The
current that flows in the starting wind-

ing is determined by the voltage of the

line and the design of the starting

winding.

29-1. Producing refrigeration with tho Vortpi tube.

If various size capacitors B

on a motor and the Starting torqui and

voltage across the capacitoran
ured, a curve similar to th.it

29-3 is obtained. The torque rt

rapidly, and, after peat king 11

imum value, si I" the

vicinity of th<- maxlmun i rly

large change in capacit-. pre
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relatively small change in torque. This

is advantageous, as the relatively wide

tolerance in the capacity of the capaci-

tor keeps the cost of the unit down.

The voltage across the capacitor

reaches its maximum value before the

torque and then starts to decrease.

Since the voltage across the capacitor

is determined by the design of the

starting winding and the line voltage,

the voltage across the capacitor is a

Capacitor

CENTRIFUGAL
SWITCH

TERMINAL BOARD

29-2. Wiring diagram of condenser-start motor.

(Aerovox Corp.)

good indication of the proper size

capacitor.

Standard practice today calls for a

maximum capacitor voltage of 138 volts

.CAPACITOR
VOLTAGE

SHOWING RELATION' OF
TOR VOLTAGE RISE

TO TORQUE INCREASE

29-3. Capacitor voltage rise to Torque increase.

(Aerovox Corp.)

during the starting period for a 120-volt

motor. This voltage lasts for a very
short period of time, usually less than
one second. Higher voltages, such as

occur with undersize capacitors, will

decrease the life of the capacitor

markedly. The use of undersize cap-

acitors will not prevent the motor
from starting, but it will increase the

starting time and the voltage across

the capacitor.

Since electrolytic motor-starting

units are not continuous -duty units, the

excessive voltages and starting period

that occur with improper capacitors

decrease the life of the unit. If the

capacitor is too small, the torque pro-

duced may be insufficient to bring the

motor speed up to the point at which

the centrifugal switch disconnects the

capacitor from the line. Under such

conditions the capacitor soon fails by

drying out. The starting period should

not exceed three seconds in a properly

functioning motor.
These capacitors are made for

intermittent duty only, and are usually

damaged by the failure of the associat-

ed equipment. IT IS IMPORTANT,
THEREFORE, TO DETERMINE AND
ELIMINATE THE CAUSE OF CAPACI-
TOR FAILURE BEFORE REPLACE-
MENT. In addition, the replacement
capacitor should be of proper capacity

and voltage rating. The use of a wrong
capacitor will usually result in rapid

failure. For that reason, AC elec-

troyltic capacitors are guaranteed as

follows:

I. 110-volt Capacitors

(a) Starts-Heavy-Duty Capaci-

tors

(standard foil and papers), not

more than 20 starts per hour,

each start not over 1 second
duration (except that not over

100 times per year the cap-

acitor may be on the line for

periods not exceeding 10

seconds maximum). Ultra-

Compact Capacitors (etched

foil and reduced papers) not

more than 20 starts per hour,

each start not over 1 second
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ii.

duration (except that not over
50 times per year the capacitor

may be on line for periods not

exceeding 10 seconds maxi-
mum).
(b) Voltage not in excess of

12 5% of the rated voltage during

any service period.

(c) Ambient temperature not to

exceed 130 F.

(d) Damage - Capacitor shall

not have been damaged after

shipment by manufacturer.
(e) Motor defects - Capacitor
shall not have been subjected

to abnormal operating condi-

tions resulting from motor and

associated defects such as: (1)

defective or dry bearings; (2)

sticky compressor; (3) tight

belt; (4) defective centrifugal

switch or relay; (5) improper
adjustment of thermostat or re-

frigerator valves. Before ap-

plying capacitor, always check

(a) centrifugal switch or relay;

(b) easy turning of motor and

compressor; (c) thermostat and

valves, as a prerequisite of the

guarantee.

All other Voltages

Same as for 110-volt capacitors

except that the voltage applied to

the units during any service per-

iod may not exceed 10% of the

rating.

It is recommended that the ser-

vice man should check the follow-

ing points before leaving the job:

1. Measure the voltage across

the capacitor during the start-

ing period. It should not exceed

138 volts for 110-volt capaci-

tors. For other voltage ratings,

it should not exceed 110% of the

nominal rating. If the voltage

across the capacitor is higher

than the limiting value given,

it usually indicates a capacitor

of too low capacity.

2. Time the duration and fre-
quency of the starting period.
It should not exceed the limits
given in the guarantee. If the
start takes too long, either the

capacity of the unit is incorrect
- too high or too low - or the

associated equipment is defect-
ive. Too frequent starts (over
20 per hour) should not be
allowed. It usually indicates

some defect in the control

equipment.

3. Measure the temperature of

the capacitor motor compart-
ment. It should not exceed 130

F.

4. The container of the capacitor

should be insulated from
ground.

15 AMP FUSE

WATTMETER
LOW POWER. l-ACTOR
COMPENSATED

29-4. Circuit diagram for measurement of capacity

and power factor by the Ammeter-Voltmeter-Watt-

meter method.

(Aerovox Corp.)

Attention to these factors will gen-

erally result in a satisfactory job.

Electrolytic motor starting capaci-

tors may be tested for their capacity

and power factor by connecting them to

AC of proper voltage, and reading the

current and wattage of the unit, Fig.

29-4. The capacity of the unit is then

approximately

C MFD r 159,300 I

f E

amperes

cycles p. sec. I

Fig. 29-5 has been compili-d to facili-

tate computation of capaciti iri-

ous voltages and frequencies.
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The power factor of the capacitor is

the measure of the loss of power in it.

Capacitors of high power factor do not

give as high a starting torque for a

given capacity as those with a low

power factor. For the same torque

higher capacity should be used for units

with high power factor. Capacitors with



Irent and voltage taken (E2 and I2).

The capacitance is iound from the

second set of readings. To find the

quivalent series resistance use is

made of the following equation:

TECHNICAL CHARACTERISTICS

1

- R'

Re r

2R

Ej and 1^ are the readings with the

switch open and E2 and I2 are the

readings with the switch closed. The
Dower factor of the capacitor is then

given by the equation

Re
PERCENT P.F. = x 100

~ E
2

No simple graph or chart can be

nade for the calculation of the first

quation. If R is fixed, a family of

:urves can be computed and used for

1 more rapid calculation of the resis-

ance but this does not save much time.

For the average sized motor start-

g capacitor a resistance of 20 ohms
s a satisfactory value. The exact value

f the resistance is not necessary as

e voltage drop across it can be found.

he circuit can be so arranged as

hown in Fig. 29-7, so that by pressing

series of 3 buttons the voltmeter can

e connected across the resistor, the

apacitor and the line in any order

esired. The current will be read on

e ammeter as before.

The equivalent series r

E/ - E D
2

- E 2

2
esistance is

11 'H

I.

le =

'R

R and Ii taken with switch open

E
2 and I 2 taken with switch closed

E R is voltage across R

With this sequence of measurements
it is not necessary to make a separate
short circuit test as the first reading,

with the knife switch open, will be
sufficient to indicate a shorted capaci-
tor. When a 20-ohm series resistor is

used, the current will be equal to the

voltage divided by the 20 ohms if the

capacitor is short circuited. Thus, if

a 150-mfd. capacitor is being tested

on a 120-volt line, the ammeter will

read 4.5 amperes for a good unit and

6 amperes for a shorted unit. If the

unit is found to be good the readings of

current and voltage are recorded and

the knife switch closed. The readings

of current and voltage are again re-

corded and the computations perform-

ed. A sample computation is given

below.

E,

- 120 volts

- 80 volts

- 85.6 volts

- 4.0amperes

- 120 volts

- 5.6 amperes

To find the power factor the first

and second sets of readings are used.
,2 ,„„.2 , ionv 2

(120)^ . (80)' 120)'
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The power factor of this capacitor

is then found from equation

PERCENT P. F. = Re x 100 = 1 x 100

E2

Io

120

5jT

= 1 x 100 = 4.7 PERCENT
21.4

Two methods are in use to designate

the capacity of capacitors; either their

nominal value is given or the limits

of capacity are listed. For the first

case, the usual tolerance employed by

most motor manufacturers is minus 10

plus 20%. The second method fixes the

lower limit by the value given. The
upper limit, however, is generally 15%
greater than the figure listed for the

range. Frequently superior perform-
ance is obtained in such cases with

capacitors of somewhat higher cap-

acity.

Fig. 29-8 lists the capacitors usual-

ly used for various sizes and types of

capacitor start motors.
Some capacitor-start motors may

require capacitors other than those

listed and if there is any question as to

the correct rating of the capacitor, the

exact value can be determined by the

use of the Aerovox Model 85 capacitor

selector.

TYPICAL CAPACITOR RATINGS
FOR CAPACITOR START MOTORS

Motor
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CAPACITOR, POWER FACTOR, HORSE POWER TABLE

HP Speed in RPM
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read the power factor

at the point of inter-

section "Z." The pow-
er factor will be 8%.

To find the current that will flow

when a given capacitor is con-

nected across a 110-volt line,

draw a horizontal line from the

microfarad scale A or B, on the

left of the chart to the corres-
ponding MFDS line, and drop a

perpendicular to the current

scale at the bottom of the chart.

The current can also be found by

dropping a perpendicular line

from the desired capacity value

in microfarads on scale C-C to

the current scale.

48 microfarads, on
scale C-C drop a per-
pendicular line until it

intersects the 8%
power factor line at

the point "Z". From
that point draw a hori-
zontal line to the pow-
er scale on the left of

the chart and read 16.5

watts.

29-3. PELETIER EFFECT

An interesting electrical-heat re-
lation is the thermocouple. If two dis-
similar metals are connected at one
end and inserted in a fire, electric

Example: To find the current

taken by a 48-micro-

farad capacitor when
connected to a 1 10-volt

line. Draw a horizontal

line from 48 micro-

farads scale A to the

MFDS-scale A, and

drop a perpendicular

line from the point of

intersection "X" to

the current scale on

the bottom of the chart,

and read 2 amperes.

To find the power in watts for a

capacitor of known capacity and

power factor. Draw a vertical

line from the value of capacity

in microfarads on scale C-C to

the power factor line given and

then draw a horizontal line from

the point of intersection to the

power scale on the left of the

chart.

Example: To find the power of a

48-microfarad capa-

citor, 8% power factor

when connected to a

110-volt line.

From the point "Y",

//or \COLD

29-11. A PeleHer effect circuit. Direct current paning

from one copper block A through the alloy B to the

other copper block A produces a cold junction and a

hot junction.

pressure and electron travel takes

place if the other ends of the two

metals are connected electrically.

The reverse of the electronic be-

havior is also true if electrons

passed between two metals. Their

joining surfaces develop different tem-

peratures. For example, if copper

blocks are placed on each Side of

steel alloy block, and a current is

passed through the copper-steel-COp-

per, one of the adjoining a

comes cold, an omea hot, I

29-11.

29-4. CLEANING METAL

During the course of 'is.- and during

repair operations, met i
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come coated with lubricating oils,

greases, oxides, dirt, metallic particles

or abrasives.

There are a variety of methods suc-
cessfully used to clean these metal
parts. Lubricants or greases made
from animal or vegetable oils or fats

such as tallow, lard oil, palm oil, olive

oil, can usually be removed by sapon-
ification (making a soap of the oil or
fat). This is done by treating the parts
in an alkaline solution where the oils

react with the alkali to form water
soluble soap compounds.

Unsaponifiable mineral oils such as
kerosene, machine oil, cylinder oil and
general lubricating oils are usually
cleaned by an emulsification process
using soaps, wetting agents and dis-

persing agents.

Dirt, abrasives, metal dust and inert

materials are generally removed by one
or both of these processes.

SOLVENT CLEANING is used for re-

moving most of the oils from coated
pieces, by immersing them in a sol-

vent such as mineral spirits. The
tanks should have safety lids and should

be hooded and vented.

hydrocarbons such as carbon tetra-

chloride and trichlorethylene. Venting

is of extreme importance for safety to

the operator.

ALKALINE SCOURING. Alkaline clean-

ing baths are used primarily for the

removal of oils, greases, solid par-

ticles of dirt, and metal particles by

immersing pieces in hot alkaline solu-

tions. The chemicals saponify or make
soap of vegetable and animal oils and

fats, emulsifying mineral oils and

greases and suspending the solid ma-
terial. The combination of heat, active

chemicals and agitations are important

factors. Soap is used either as a direct

addition or is formed by the saponifi-

cation of vegetable or animal fats

present. Caustic soda, soda ash and

causticized soda form the cheapest

and most direct method of producing

alkalinity in the bath. However, such

materials, as a general rule, have less

surface activity than more complex
materials. Sodium metasilicate tri-

sodium phosphate, and similar salts

are often used to obtain alkalinity in

a solution.

DEGREASING or vapor cleaning is also

used to remove oils. By holding the

parts in a container where solvent

vapors can condense on the parts to be
cleaned, the condensed solvent washes
away the oily coating, leaving the work
dry and nearly clean. Production de-
greasing machines use two or three
compartments. The work is immersed
in the first compartment containing a

boiling solution of the solvent. It is then
dipped into the second section, which
contains clean cold solvent. Finally, it

is hung in the third section where only
clean vapors condense on and wash over
the work. The degreasing unit is self

purifying—oils and waste accumulating
at bottom of third section. Job shop
cleaning uses the third section only. The
solvents used are generally chlorinated

EMULSION SCRUBBING. A number of

proprietary preparations are used for

this purpose. They comprise an emul-

sification agent which acts to disperse

organic solvents in water solutions.

Emulsifiable cleaners are miscible

with oils and can be washed off with

water, although a film of oil may re-

main on the work and necessitate a

subsequent alkali cleaning treatment.

Dragout costs are high.

ELECTROLYTIC CLEANING. Alkaline

materials are used in electrolytic

cleaning. The bath is maintained at as

near boiling as permissible without

excessive tarnishing. The gas evolved
tends to lift off the soil, presenting a

clean surface for subsequent opera-
tions. The work to be cleaned is usual-
ly made the cathode. There are many
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^formulas available for this work but
the one used depends upon the nature
of the material to be used and the de-
gree of tarnish permissible* In many
cases, particularly with carbon steel or
cast iron, unusual results can be ob-
tained by switching the polarity several

times during cleaning.

TARNISH REMOVAL. Brass and cop-
per articles often become discolored

or tarnished on standing or during the

course of alkaline cleaning. This tar-

nish can be removed when work is

free from oil or grease by immersion
in a water solution containing 4 to 8

ounces of sodium cyanide per gallon.

After discoloration has been removed-
-usually a matter of seconds—pieces

should be thoroughly rinsed. Sodium
cyanide is very poisonous and extreme

care must be observed during handling.

When work is cleaned in alkali, the

alkali should be completely removed
because if alkali and cyanide are mixed

and allowed to stand, ammonia may be

developed. Care must be taken not to

allow any cyanide to come in contact

with acids because of liberation of

lethal hydro-cyanic acid gas. Even

though the above precautions must be

carefully observed, many gallons of

cyanide solution are used daily, parti-

cularly in plating cycles.

PICKLING. The pickling operation is

used to remove oxides or films which

usually develop on the surface of the

metals from annealing. Inorganic acids

are generally used for this purpose,

sulphuric acid and hydrochloric acid

being the more common ones. Either

sodium bichromate or ferric sulphate

are used in combination with an acid

to remove red stains on brass or to

produce a special surface effect. After

pickling it is important that metals

be rinsed well and, if permissible,

immersed in a neutralizer to remove

the last traces of acid.

SULPHURIC ACID PICKLE

Sulphuric Acid .... 1/4 to 1 gallon
Water 4 gallons
Temperature 100 to 160 F.

Used frequently after an annealing
operation where scale and tarnish has
been developed. Usually the heavier the
scale, the more concentrated and hotter
is the pickle which is used.

SODIUM BICHROMATE PICKLE

Sulphuric Acid .... 1/4 gallon

Water 4-1/2 gallons

Sodium Bichromate . 2 to 5 oz. per gal.

Temperature 80 to 120 F.

The lowest concentrate of chemicals
that will do the required brightening

is recommended. If pieces remain too

long in this solution or solution is too

concentrated, some pitting or etching

of the surface may result. When proper-

ly employed it will give a clear yellow

surface finish which is not glossy. So-

dium Bichromate pickle is used for re-

moving red stains which remain after

sulphuric acid pickling.

BRIGHT DIP

Sulphuric Acid .... 2 gallons

Nitric Acid 1 gallon

Water 1 quart

Hydrochloric Acid. . 1 oz. to ev.

5 gals.

Operate (old, room tem-

peratu r

To obtain a gloss, a bright dip solu-

tion is required. There are many
i

sible combinations which will give the

desired results. Increasing th" nltrii

acid makes the solution n.

Increasing the sulphuri. acid !

down the action of the solution. Vld

salt carefully and in small quantll

if work is sooty.
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29-12. Pressure-heat graph for methyl chloride.

(American Society Refrigerating Engineers)

SCALE DIP. Sometimes a preliminary-

preparation of the surface is necessary
before immersing the pieces in the

bright dip, especially when a very
bright, smooth surface is desired.

(a) Where very heavy cutting of the

surface is desired, use concen-
trated nitric acid as received

from the carboy.

(b) For milder treatment, use the

formula:

Nitric acid 1 gallon

Sulphuric acid 1 to 2 gallons

Water 1 to 5 gallons

These solutions are quite active and

must be used with care to prevent too

deeply attacking the brass. After the

bright dipping, either preceded by scale

or bichromate dipping, the work should

be thoroughly rinsed in water, im-
mersed in 2 to 4 ounce solution of

sodium cyanide followed by thorough
rinsing. Then immerse in 1 ounce solu-

tion of neutral soap, and thoroughly

29-13. Pressure-heat graph fqr ammonia (NH :i

).

(American Society Refrigerating Engineers)
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29-14. Presiure-heat graph for Freon-M.

(Kinetic Chemicals Inc.)
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ABSOLUTE PRESSURE (IBS. PER SQUARE INCH)
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29-15. Pressure-heat graph for Freon-12.

(Kinetic Chemicals Inc.)
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ABSOLUTE PRESSURE (LBS. PER SQUARE INCH)
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29-17. Pressure-heat graph for Freon-113.

(Kinetic Chemicals Inc.)
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29-18. Pressure-heat graph for Freon-114.

(Kinetic Chemicals Inc.)
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rinse. Omit the soap solution if pieces

are to be soldered. Ferric sulphate

can be used in place of sodium bichro-

mate, and for certain purposes it is

preferred, particularly where attack of

base metal is to be kept to the mini-

mum.

29-5. REFRIGERANT CHARACTERISTICS

Several pressure-heat enthalpy dia-

grams are given in this section. Most
of the physical properties of refriger-

ants may be ascertained from these

graphs. See Figures 29-12 through
29-18.

29-6. FOOD PRESERVATION BY
RADIATION TREATMENT

Experiments have been conducted
using atomic energy radiations to pre-

serve food. Fresh foods have been put

in sealed containers. These containers

were exposed to a form of atomic en-

ergy radiation. It was found, upon in-

spection, that the food remains inde-

finitely in its fresh state with no change
in appearance, flavor or food value, as

a result of being treated in this man-
ner.

29-7. SAFETY CODE FOR
MECHANICAL
REFRIGERATION

Section 1. SCOPE AND PURPOSE

1.1 Scope. The application of this Code is intended

to insure the safe design, construction, installation,

operation, and inspection of every refrigerating

system employing a fluid which is vaporized and

is normally liquefied in its refrigerating cycle, when
employed under the occupancy classifications listed

in Section 3. The provisions of this Code are not

intended to apply to the use of water or air as a

refrigerant nor to refrigerating systems installed

on railroad cars, motor vehicles, motor drawn ve-

hicles or on shipboard. (For shipboard installa-

tions see ASA B59.1-1950).

1.2 Purpose. This Code is intended to provide rea-

sonable safeguards to life, limb, health, and prop-

erty ; to correct certain practices which are incon-

sistent with safety; and to prescribe standards of

safety which will properly influence future progress

and developments in refrigerating systems. Equip-

ment listed by an approved, nationally recognized

testing laboratory, as defined in 2.3.1, is deemed to

meet the design, manufacture, and factory test re-

quirements of this Code or equivalent, for the re-

frigerant or refrigerants for which such equip-

ment is designed.

1.3 Application. This Code shall apply to refrigerat-

ing systems installed subsequent to its adoption
and to parts replaced or added to systems installed

prior or subsequent to its adoption. In cases of
practical difficulty or unnecessary hardship, the
authority having jurisdiction may grant exceptions
from the literal requirements of this Code or per-

mit the use of other devices or methods, but only

when it is clearly evident that equivalent protection
is thereby secured.

NOTE: To secure the uniform application of this Code,

authorities having jurisdiction are urged, before renderin,

decisions on disputed points, to consult the committee whic
formulated it—the Committee on Safety Code for Mechan
cal Refrigeration, B9, in care of the American Standarc
Association, Incorporated, 70 East 45th Street, New Yoi

17, N. Y., or the American Society of Refrigerating Eng
neers, 40 West 40th Street, New York 18, N. Y.

Section 2. DEFINITIONS

2.1 Absorber (Adsorber) is that part of the lo>

side of an absorption system used for absorbin

(adsorbing) vapor refrigerant.

2.2 Absorption System—see 2.48.1.

2.3 Approved means acceptable to the authoriti

having jurisdiction.

2.3.1 An Approved Nationally Recognized Test

ing Laboratory is one acceptable to the authoriti'

having jurisdiction, that provides uniform testin,

and examination procedures under establish?,

standards, is properly organized, equipped an

qualified for testing, and has a follow-up inspe

tion service of the current production of the liste

products.

2.4 Brazed Joint, for the purpose of this code, is

gas-tight joint obtained by the joining of met;

parts with alloys which melt at temperature

higher than 1000 F but less than the melting ten.

peratures of the joined parts.

2.5 Brine is any liquid, used for the transmissic:

of heat without a change in its state, having i

flash point or a flash point above 150 F determin(

by American Society for Testing Materials methx

D93-52. (See Appendix 1.)

2.6 Compressor is a specific machine, with or wit

out accessories, for compressing a given refrigera"

vapor.
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^Compressor Unit is a condensing unit less the

tfknser and liquid receiver.

I Condenser is a vessel or arrangement of pipe

r.ubing in which vaporized refrigerant is lique-

e by the removal of heat.

,: Condensing Unit is a specific refrigerating

nhine combination for a given refrigerant, con-

iiing of one or more power-driven compressors,

tdensers, liquid receivers (when required), and

h regularly furnished accessories.

. Container is a cylinder for the transportation

Refrigerant. (See Appendix 2.)

. Department Store is the entire space occupied

(jone tenant or more than one tenant in an indi-

iaal store where more than 100 persons com-

mly assemble on other than the street-level floor

c the purpose of buying personal wearables and

>ter merchandise.

I Design Wo7-king Pressure is the maximum al-

oable working pressure for which a specific part

til system is designed.

I Direct System—see 4.2.

!.) Double Indirect Vented Open-Spray System—
H 4.3.4.

U Double (or Secondary) Refrigerant System—
I 4.4.

li Duct is a tube or conduit used for conveying

j encasing purposes as specifically defined below:

ji) Air duct is a tube or conduit used for con-

veying air. (The air passages of self-con-

tained systems are not to be construed as

air ducts.)

)) Pipe duct is a tube or conduit used for encas-

ing pipe.

Wire duet is a tube or conduit used for en-

casing either moving or stationary wire, rope,

etc.

& Entrance is a confined passageway immediate-

l.adjacent to the door through which people enter

ouilding.

120 Evaporator is that part of the system in which

luid refrigerant is vaporized to produce refriger-

£on.

171 Exit is a confined passageway immediately

acent to the door through which people leave a

biding.

^2 Expansion Coil is an evaporator constructed

f'pipe or tubing.

I

1

3 Fusible Plug is a device having a predeter-

ned-temperature fusible member for the relief

c pressure.

U Generator is any device equipped with a heat-

r? element used in the refrigerating system to

brease the pressure of refrigerant in its gas or

'por state for the purpose of liquefying the refng-

font.

15 Hallway is a corridor for the passage of peo-

j.

::6 High Side means the parts of a refrigerating

Mem under condenser pressure.

p Humanly Occupied Space is a space normally

equented or occupied by people but excluding

machinery rooms and walk-in coolers used pri-

marily for refrigerated Btorage.

2.28 Indirect Closed-Surface System— see 4.3.2.

2.29 Indirect Open-Spray System—see 4.3.1.

2.30 Indirect System—see 1.3.

2.31 Indirect Vented Closed-Sin fat -see
4.3.3.

2.32 Liquid Receiver is a vessel permanently con-

nected to a system by inlet and outlet pipes for

storage of a liquid refrigei

2.33 Lobby is a waiting room, or largi

serving as a waiting room.

2.34 Low Side means the parts of a n >

system under evaporator pressure.

2.35 Machinery is the refrigerating equipment

forming a part of the refrigi rating systi m includ-

ing any or all of the following: compressor,

denser, generator, absorber (adsorber), liquid re-

ceiver, connecting pipe, or evaporator.

2.36 Machinery Room is a room in which a r<

erating system is permanently installed and oper-

ated but not including evaporators located in a cold

storage room, refrigerator box, air cooled space, or

other enclosed space. Closets solely contained

within, and opening only into, a room shall not be

considered machinery rooms but shall be consid-

ered a part of the machi in which they

are contained or open into. It is not the intent of

this definition to cause the space in which a self-

contained system is located to be classified as a

machinery room. (See 8.11.)

2.37 Machinery Room, Class T is a room having

machinery but no flame-producing appai

manently installed and operated and also conform-

ing to the following:

a) Any doors, communicating with the buil

shall be approved self-closing, tight-fitting

fire doors.

b) Walls, floor, and ceiling shall be tight ai

not less than one-hour fire-resistivi

tion.

c) It shall have an exit door which opi

ly to the outer air or through a

type exit equipped with self-closing, tight-

fitting doors.

d) Exterior openings, If P

under any fir- anj "!>'•"
'

e) All pipes piercing the interior walls, ceiling,

,„• floor of such room shall b

to the walls, ceiling, or floor through winch

they pass.

f) Emergencj n n

Of I!

vided and located
'" ,,, "

machim

g) Mechanics

tilation. (See 8.11

h)
':;,, ,/ rcntilatio,
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responsibility by affixing its name or nationally
registered trade-mark or trade name to the refrig-

eration equipment concerned.

2.39 Mechanical Joint, for the purpose of this code,

is a gas-tight joint, obtained by the joining of
metal parts through a positive-holding mechanical
construction.

2.40 Nonpositive Displacement Compressor is a
compressor in which increase in vapor pressure is

attained without changing the internal volume of
the compression chamber.

2.41 Piping means the pipe or tube mains for inter-

connecting the various parts of a refrigerating
system.

2.42 Positive Displacement Compressor is a com-
pressor in which increase in vapor pressure is at-

tained by changing the internal volume of the
compression chamber.

2.43 Pressure-Imposing Element is any device or
portion of the equipment used for the purpose of
increasing the refrigerant vapor pressure.

2.44 Pressure-Limiting Device is a pressure-re-
sponsive mechanism designed to automatically stop
the operation of the pressure-imposing element at a
predetermined pressure.

2.45 Pressure-Relief Device is a pressure-actuated
valve or rupture member designed to automatically
relieve excessive pressure.

2.46 Pressure-Relief Valve is a pressure-actuated
valve held closed by a spring or other means and
designed to automatically relieve pressure in ex-

cess of its setting.

2.47 Pressure Vessel is any refrigerant-containing
receptacle of a refrigerating system, other than
evaporators, each separate section of which does
not exceed 1/2 cubic foot of refrigerant-containing
volume, expansion coils, compressors, controls,

headers, pipe, and pipe fittings.

2.48 Receiver—see 2.32.

2.49 Reciprocating Compressor is a positive dis-

placement compressor with a piston or pistons
moving in a straight line but alternately in oppo-
site directions.

2.50 Refrigerant is a substance used to produce
refrigeration by its expansion or vaporization.

2.51 Refrigerating System is a combination of in-

terconnected refrigerant-containing parts consti-

tuting one closed refrigerant circuit in which a
refrigerant is circulated for the purpose of extract-
ing heat. (See Section 4 for classification of refrig-

erating systems by type.)

2.51.1 Absorption System is a refrigerating sys-
tem in which the gas evolved in the evaporator is

taken up by an absorber or adsorber.

2.51.2 Centrifugal System is a specific combina-
tion of machinery for a given refrigerant, consist-
ing of a power-driven centrifugal compressor, a
condenser, a water or other liquid cooler, and the
regularly furnished accessories. The component
parts, after assembly and testing at the factory, are
usually disassembled for shipment.

2.51.3 Sealed Absorption System is a unit system

for Group 2 refrigerants only in which all refrif

erant-containing parts are made permanently tigh

by welding or brazing against refrigerant loa
( This is a restrictive definition for the purposes c

this code as used in 6.1.2 and 6.3.1.) (See 2.51.1.

2.51.4 Self-Contained System is a complete fa<

tory-made and factory tested system in a suitabl

frame or enclosure which is fabricated and shippe
in one or more sections and in which no refrigei

ant-containing parts are connected in the field othe

than by companion or block valves.

2.51.5 Unit System is a self-contained system

which has been assembled and tested prior to it

installation and which is installed without cor

necting any refrigerant-containing parts. A un
system, may include factory-assembled companio
or block valves.

2.52 Rupture Member is a device that will autx

matically rupture at a predetermined pressure.

2.53 Shall. Where "shall" or "shall not" is used f(

a provision specified, that provision is intended 1

be mandatory.

2.54 Should. "Should" or "it is recommended"
used to indicate provisions which are not mand<
tory but which are pointed out here as recon;

mended good practice.

2.55 Sealed Absorption System—see 2.51.3.

2.56 Self-Contained System—see 2.51.4.

2.57 Soldered Joint, for the purpose of this codH

is a gas-tight joint obtained by the joining of met
parts with metallic mixtures or alloys which me,

at temperatures below 1000 F and above 400 F.

2.58 Stop Valve is a shut-off for controlling tl

flow of refrigerant.

2.59 Tenant, as herein used, shall be contrued as.'

person, firm, or corporation possessed with tr,

legal right to occupy premises.

2.60 Unit System—see 2.51.5.

2.61 Welded Joint, for the purpose of this code,

a gas-tight joint, obtained by the joining of met
parts in the plastic or molten state.

Section 3. BUILDING OCCUPANCY
CLASSIFICATION

3.1 Locations in which refrigerating systems m^
be placed are grouped by occupancy as follows

:

3.2 Institutional Occupancy shall apply to that pc,

tion of a building in which persons are confined I

receive medical, charitable, educational, or othj

care or treatment, or in which persons are held i

detained by reason of public or civic duty, inclu

ing among others, hospitals, asylums, sanitarium

police stations, jails, court houses with cells, ai'

similar occupancies.

3.3 Public Assembly Occupancy shall apply to th.

portion of the premises in which persons congr

gate for civic, political, educational, religious, si

cial, or 'recreational purposes; including amor
others, armories, assembly rooms, auditoriums, b;i

rooms, bath houses, bus terminals, broadcasts

studios, churches, colleges, court houses witho,

cells, dance halls, department stores, exhibits

!
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alls, fraternity halls, libraries, lodge rooms, mor-
sary chapels, museums, passenger depots, schools,

mating rinks, subway stations, theaters, and simi-

ir occupancies.

4 Residential Occupancy shall apj^ly to that portion

f a building in which sleeping accommodations are

rovided for more than two families, including

mong others, club houses, convents, dormitories,

!otels, lodging houses, multiple story apartments,

;udios, tenements, and similar occupancies.

1.5 Commercial Occupancy shall apply to that por-

on of a building used for the transaction of busi-

ness ; for the rendering of professional services

;

Dr the supplying of food, drink, or other bodily

•eeds and comforts; for manufacturing purposes

r for the performance of work or labor (except

!s included under 3.6 Industrial Occupancy) in-

uding among others, bake shops, fur storage, lab-

ratories, loft buildings, markets, office buildings,

rofessional buildings, restaurants, stores other

lan department stores, and similar occupancies.

.6 Industrial Occupancy shall apply to an entire

uilding when used by a single tenant for manu-
acturing, processing, or storage of materials or

roducts, including among others, chemical, food,

andy, and ice cream factories, ice making plants,

leat packing plants, refineries, perishable food

arehouses, and similar occupancies.

'.7 Mixed Occupancy shall apply to a building occu-

ied or used for different purposes in different

arts. When the occupancies are cut off from the

est of the building by tight partitions, floors, and

ailings and protected by self-closing doors, the re-

tirements for each type of occupancy shall apply

or its portion of the building. For example, the

old storage spaces in retail frozen food lockers,

otels, and department stores might be classified

nder Industrial Occupancy, whereas other portions

If the buildings would be classified under

ther occupancies. When the occupancies are

ot so separated, the occupancy carrying the more

tringent requirements shall govern.

Section 4. REFRIGERATING SYSTEM
CLASSIFICATION BY TYPE

.1 Refrigerating Systems (see 2.51) shaU be divided

nto classes, descriptive of the method employed for

;xtracting heat as follows in 4.2 to 4.4, inclusive.

The direct and various indirect systems referred to

re illustrated in Figure 1.

-2 Direct System is one in which the evaporator is

n direct contact with the material or space refrig-

rated or is located in air-circulating passages com-

nunicating with such spaces.

.3 Indirect System is one in which a liquid, such as

>rine or water, cooled by the refrigerant, is circu-

ited to the material or space refrigerated or is

<sed to cool air so circulated. Indirect sy

hich are distinguished by the type or method of

application are as given in the following para-

graphs :

FIG. 1

4.3.1 Indirect Open-Spray System is one in which a

liquid, such as brine or water, cooled by an evapo-

rator located in an enclosure external to a cooling

chamber, is circulated to such cooling chamber and

is sprayed therein.

4.3.2 Indirect Closed-Surface System is one ill which

a liquid, such as brine or water, cooled by an

orator located in an enclosure external to a cooling

chamber, is circulated to and through such a cool-

ing chamber in pipes or other closed circuits.

4.3.3 Indirect Vented Closed-Surface System ifl

in which a liquid, such as brim or •

an t raporator located in a •rnal

to a cooling chamber, ia circulated to and through

such cooling chamber in pipes or other

cuits.

4.3.4 Double Indirect Vented f >/-.-> V' ;
'

one in which a liquid, sucl

by an

circulated through a

closure where it cools another supply of a liquid,

such as brine or water, and this 1 irnja

circulated to a cooling chaml

therein.

4 4 Double (or Secondary)

which an i

ondary circuit.

Section 5. RBFRIGBRAN1 < I \SSEPH VTION

., nerd R<

this code, divide
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5.1.1 Group 1

Carbon dioxide COi
Dichlorodifluoromethane (Freon-12) CCUF,
Dichloromethane (Carrene No. 1)

(Methylene chloride) CH,C1»
Dichloromonofluoromethane (Freon-21) CHChF
Dichlorotetrafluoroethane (Freon-114) CjC12F,

Monochlorodifluoromethane-(Freon-22) CHClFj
Trichloromonofluoromethane (Freon-11)

(Carrene No. 2) CC1 3F
Trichlorotrifluoroethane (Freon-113) CCUF,

5.1.2 Group 2

Ammonia NH>
Dichloroethylene CH»CI>
Ethyl chloride CH 5C1

Methyl chloride CH aCl

Methyl formate HCOOCH,
Sulphur dioxide SOi

5.1.3 Group 3

Butane C 4H«,

Ethane C*H.
Ethylene C 3H«
Isobutane (CH,),CH
Propane C 3H 8

Section 6. REQUIREMENTS FOR INSTITUTIONAL,
PUBLIC ASSEMBLY, RESIDENTIAL, AND

COMMERCIAL OCCUPANCIES

6.1 General

6.1.1 Public Stairway, Stair Landing, Entrance, or Exit.

No refrigerating system shall be installed in or on
a public stairway, stair landing, entrance, or exit.

6.1.2 Public Hallway or Lobby. No refrigerating

system shall interfere with free passage. No Group
2 refrigerant shall be permitted in public hallivays

or lobbies of Institutional or Public Assembly Oc-
cupancies. Refrigerating systems installed in a
public hallway or lobby shall be limited to:

a) Unit Systems containing not more than the

quantities of a Group 1 refrigerant speci-

fied in Table 1, or

b) Sealed Absorption Systems containing not
more than 3 pounds of Group 2 refrigerant
when in Residential and Commercial Oc-
cupancies.

6.1.3 Refrigerant Piping Through Floors. Refrigerant
piping shall not be carried through floors except as

follows

:

a) It may be carried from the basement to the
first floor or from the top floor to a ma-
chinery penthouse or to the roof.

b) For the purpose of connecting to a con-

denser on the roof, it may be carried
through an approved, rigid and tight con-

tinuous fire-resisting pipe duct or shaft
having no openings on intermediate floors,

or it may be carried on the outer wall of

the building provided it is not located in an
air shaft, closed court, or in other similar

open spaces enclosed within the outer walls

of the building.

c) In systems containing Group 1 refriger-

ants, the refrigerant piping may also be
carried through floors, intermediate be-

tween the first floor and the top floor, pro-

vided it is enclosed in an approved, rigid,

and tight continuous fire-resisting pipe duct

or shaft where it passes through any inter-

mediate space. Where the refrigerating

system serves an air conditioning system,

the piping need not be enclosed where it

passes through air conditioned spaces

served by that system. The pipe duct or

shaft shall be vented to the outside or to a
space served by the air conditioning

system.

TABLE 1. Maximum Permissible Quantities of

Group 1 Refrigerants for Direct Systems

Maximum
quantity in

lb per WOO
cu ft of
humanly

Chemical occupied

formula space*Refrigerant name

Carbon dioxide CO» 11

Dichlorodifluoromethane (Freon-12) CC1,F, 31

Dichloromethane (Methylene chloride),

(Carrene No. 1) CH,C1, 6

Dichloromonofluoromethane (Freon-21) CHC1,F 13

Dichlorotetrafluoroethane (Freon-114) C.Cl.F, 44

Monochlorodifluoromethane (Freon-22) CHC1F, 22
Trichloromonofluoromethane (Freon-11) CCUF 35
Trichlorotrifluoroethane (Freon-113) CX1.F, 24

NOTES:
a) When the refrigerant-containing parts of a system are

located in one or more enclosed spaces, the cubical content

of the smallest enclosed humanly occupied space other

than the machinery room, shall be used to determine the

permissible quantity of refrigerant in the system.

b) When the evaporator is located in an air duct system,
i

cubical content of the smallest humanly occupied enclosed

space served by the air duct system shall be used to
|

determine the permissible quantity of refrigerant in the i

system; however, if the air flow to any enclosed space i

served by the air duct system cannot be shut off or re-. I

duced below one-quarter of its maximum, the cubical con- I

tents of the entire space served by the air duct system i

may be used to determine the permissible quantity of. I

refrigerant in the system.

c) Volatile charge in a control shall not be considered as
f

refrigerant.

6.2 Group 1 Refrigerants

6.2.1 Direct Systems. The maximum permissible I

quantity of a Group 1 refrigerant in a direct sys- |

tern is specified in Table 1 except Institutional

Occupancies where further limited by 6.2.1.1.

6.2.1.1 Direct Systems in Institutional Occu-
nancies shall be limited to unit systems containing

not more than 20 pounds of Group 1 refrigerants,

except in kitchens, laboratories, and mortuaries.

(See 6.2.4.)

6.2.1.2 In Institutional and Public Assembly
Occupancies, direct expansion coils or evaporators*

used for air conditioning and located downstream
from, and in proximity to, a heating coil, or lo-i

cated upstream within 18 inches of a heating coil, I

shall be fitted with a relief device discharging to fl

the outside of the building in an approved manner; 8

except that such a relief device shall not be re-

quired on unit or self-contained systems if the

ASRE Standard No. 1S-R
704



TECHNICAL CHARACTERISTICS
internal volume of the low side of the system which
nay be shut off by valves, divided by the total

weight of refrigerant in the system less the weight
of refrigerant vapor contained in the other parts

of the system at 110 F, exceeds the specific volume
of the refrigerant at critical conditions of tempera-

ture and pressure.

(NOTE: The above exemption is also stated in formula
1 form below.)

shall be more than Vsp

W, — W2

where Vi = low side volume, cu ft

Vsp = specific volume at critical conditions

of temperature and pressure, cu ft

per lb

Wt = total weight of refrigerant in system,

lb

W2
— weight of refrigerant vapor (lb) at

110 F in V2t or

v2

specific volume of refrigerant,

in cu ft per lb, at 110 F,

where V2 = total volume of system
less Vu cu ft

6.2.2 Indirect Systems. A system containing more

than the quantity of a Group 1 refrigerant allowed

in Table 1 shall be of the indirect type with all

refrigerant-containing parts, excepting parts

mounted outside the building, installed in a ma-

chinery room used for no other purpose than for

mechanical equipment.

6.2.3 Open Flames in Machinery Rooms. No open

flame or apparatus to produce an open flame shall

be installed in a machinery room where any refrig-

erant other than carbon dioxide is used unless the

flame is enclosed and vented to the open air. The

use of matches, cigarette lighters, halide leak de-

tectors, and similar devices shall not be consid-

ered a violation of this paragraph or of 6.2.4.

6.2.4 Open Flames in Institutional and Public Assem-

bly Occupancies. In Institutional and Public Assem-

bly Occupancies, when more than 1 pound of a

Group 1 refrigerant, other than carbon dioxide, is

used in a system any portion of which is in a room

where there is an apparatus for producing an open

flame, then such refrigerant shall be classed in

Group 2 unless the flame-producing apparatus is

provided with a hood and flue capable of removing

the products of combustion to the open air.

6.3 Group 2 Refrigerants

6.3.1 Direct Systems. The maximum permissible

quantity of a Group 2 refrigerant in a direct sys-

tem is shown in Table 2. (Also see 6.1.2.)

6.3.2 Indirect Systems. The maximum permissible

quantity of Group 2 refrigerant in an indirect sys-

tem is shown in Table 3. Any system using a Group

2 refrigerant in excess of the quantities shown in

Table 2 shall be of an indirect type as follows

:

a) Institutional and Public Assembly Occu-
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6.3.2.1.3 Flame-Producing Devices, Hot Sur-

faces, and Electrical Equipment m Machinery
Rooms. Where a machinery room is required by
this code to house a refrigerating system contain-

ing any Group 2 refrigerant other than sulphur
dioxide, no flame-producing device or hot surface
above 800 F shall be permitted in such room and
all electrical equipment in the room shall conform
to the requirements of Hazardous Locations Class

I of the latest edition of the National Electrical

Code (see Appendix 7). The use of matches, ciga-

rette lighters, halide leak detectors, and similar

devices shall not be considered a violation of this

paragraph.

6.4 Group 3 Refrigerants

6.4.1 Group 3 refrigerants shall not be used in

Institutional, Public Assembly, Residential, or

Commercial Occupancies except in laboratories for

Commercial Occupancies. In such laboratory in-

stallations only unit systems containinng not more
than 6 pounds shall be used unless the number of

persons does not exceed one person per 100 square
feet of laboratory floor area, in which case the re-

quirements for Industrial Occupancy shall apply.

Section 7. REQUIREMENTS FOR INDUSTRIAL
OCCUPANCIES

7.1 General. There sliall be no restriction on the

quantity or kind of refrigerant used in an Indus-
trial Occupancy, except as specified in 7.2 and 8.10.

7.2 Number of Persons. When the number of persons
above the first floor exceeds one person per 100
square feet of floor area, the requirements of Com-
mercial Occupancies shall apply unless that portion

of the building containing more than one person
per 100 square feet of floor area above the first

floor, together with its entrances and exits, be cut

off from the rest of the building by tight construc-

tion with self-closing, tight-fitting doors.

Section 8. INSTALLATION REQUIREMENTS

8.1 Foundations and Supports for condensing units or
compressor units shall be of substantial and non-
combustible construction when more than 6 inches

high. (See 8.3.)

8.2 Moving Machinery should be guarded in accord-

ance with accepted safety standards. (See Appen-
dices 3 and 4.)

8.3 Clear Space adequate for inspection and servic-

ing of condensing units or compressor units shall

be provided.

8.4 Condensing Units or Compressor Units with Enclo-

sures shall be readily accessible for servicing and
inspection.

8.5 Water Supply and Discharge Connections should

be made in accordance with accepted safety and
health standards. (See Appendix 5.)

8.5.1 Discharge water lines shall not be directly

connected to the waste or sewer system. The waste

or discharge from such equipment shall be over

and above a trapped and vented plumbing fixture.

8.6 Illumination adequate for inspection and servic

ing of condensing units or compressor units shouk

be provided. (See Appendix 6.)

8.7 Electrical Equipment and Wiring shall be installs

in accordance with accepted safety standards

(See Appendix 7.)

8.8 Gas Fuel Devices and Equipment used with refrig,

erating systems shall be installed in accordanc

with accepted safety standards. (See Appendix 8.'

8.9 Open Flames. When the quantity of flammabj

refrigerant in any one refrigerating system exceed,

the amount given in Table 4 for each 1000 cubi

feet of room volume in which the system or an.

part thereof is installed, then no flame-producinj

device or hot surface above 800 F shall be permit

ted in such room and all electrical equipment in t\(

room shall conform to the requirements of Hai

ardous Locations Class I of the latest edition c!

the National Electrical Code. (See Appendix 7.'!

TABLE 4. Maximum Permissible Quantities of

Flammable Refrigerants
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lating equipment. The outlet from the fan, or
Ills, or air duct connections shall terminate out-
jie of the building in an approved manner. When
|r ducts are used either on the inlet or discharge
He of the fan, or fans, they shall have an area not

Jjs than specified in Table 5. Provision should be
fade for the inlet of air to replace that being
tfhausted.

t8.11.4 Class T Machinery Rooms in basements or
lb-basements (see Definition 2.37) shall have
|iequate mechanical ventilation operating continu-

Hy, which may be considered as a part of the

laergency ventilation required in 8.11.2.

r
d2 Air Duct Systems of air conditioning equipment
fcr human comfort using mechanical refrigeration

y.ould be installed in accordance with accepted
tfety standards. (See Appendix 9.)

' TABLE 5. Minimum Air Duct Areas and Openings

Weight of

refrigerant

in system, lb
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protected, or when located in the cabinet of a unit

system, or installed outside the building, or in a

tight pipe duct or shaft vented to the outer air.

9.6 Stop Valves

9.6.1 General Requirements. All systems containing

more than 50 pounds of a Group 1 refrigerant or

6 pounds of a Group 2 or 3 refrigerant, other than
systems utilizing nonpositive displacement com-
pressors, shall have stop valves installed as fol-

lows:

a) Each inlet of each compressor, compressor
unit, or condensing unit;

b) Each discharge outlet of each compressor,
compressor unit, or condensing unit, and of

each liquid receiver.

9.6.2 Systems Containing 100 Pounds or More of

Refrigerant. All systems containing 100 pounds or
more of a refrigerant, other than systems utilizing

nonpositive displacement compressors, shall have
stop valves, in addition to those in 9.6.1, on each
inlet of each liquid receiver and each branch liquid

and suction line except that none shall be required
on the inlet of a receiver in a condensing unit nor
on the inlet of a receiver which is an integral part
of a condenser.

9.6.3 Stop valves used with soft annealed copper
tubing or hard drawn copper tubing % inch nom-
inal size or smaller shall be securely mounted, inde-

pendent of tubing fastenings or supports.

9.6.4 Stop valves shall be suitably labelled if it is

not obvious what they control. Numbers may be
used to label the valves provided a key to the num-
bers is located near the valves.

9.7 Location of Refrigerant Piping

9.7.1 Refrigerant piping crossing an open space
which affords passageway in any building shall be
not less than 71/2 feet above the floor unless against
the ceiling of such space.

9.7.2 Free passageway shall not be obstructed
by refrigerant piping. Refrigerant piping shall not
be placed in any elevator, dumbwaiter, or other
shaft containing a moving object, or in any shaft
which has openings to living quarters or to main.
exit hallways. Refrigerant piping shall not be
placed in public hallways, lobbies, or stairways,
except that such refrigerant piping may pass across

a public hallway if there are no joints in the section

in the public hallway, and provided nonferrous tub-
ing of 1 inch nominal diameter (lVs inch outside
diameter) and smaller be contained in a rigid metal
pipe.

Section 10. DESIGN AND CONSTRUCTION
OF EQUIPMENT

(Also see Section 11 for pressure vessels')

10.1 General

10.1.1 Every part of a refrigerating system, with

the exception of pressure gages and control mech-
anisms, shall be designed, constructed, and assem-
bled to withstand a test pressure not less than the

minimum refrigerant leak field test pressure sp

fied in Table 6 without being stressed beyond (

third of its ultimate strength. (See 10.2.)

NOTE: This paragraph establishes a minimum de

working pressure in terms of the field test pressure so

the minimum refrigerant leak field test pressure, spec

in Table 6, can be safely applied. Rules governing presi

relief devices, pressure-limiting devices, etc., shall be b

on the design working pressure selected.

10.1.2 All materials used in the construction

installation of refrigerating systems shall be i

able for conveying the refrigerant used. No m
rial shall be used that will deteriorate becaus<

the refrigerant, or the oil, or the combinatioi

both.

NOTE : Many refrigerants are corrosive to the usual

terials when moisture or air, or both, are present and
assumed in approving these materials that the system

be charged and operated in accordance with accepted
]

tice, to prevent or minimize this corrosion.

10.1.3 Aluminum, Zinc, or Magnesium shall no

used in contact with methyl chloride in a refri

ating system. Magnesium alloys shall not be i

in contact with any Freon refrigerant.

10.2 Minimum Test Pressures. Every refrigerant-i

taining part of every system, including pres;

gages and control mechanisms, shall be tested)

proved tight by the manufacturer at not less I

the minimum refrigerant leak field test pressi

specified in Table 6. (See 10.3.)

10.3 Equipment Listed by an Approved Natioi

Recognized Testing Laboratory having a follow-Ul

spection service shall be deemed as meetingl

intent of the requirements of 10.1 and 10.2.

1.2 and 2.3.1.)

10.4 Pressure-Limiting Devices

10.4.1 Pressure-limiting devices shall be pro\

on all systems containing more than 20 pound
refrigerant and operating above atmospheric '

sure, and on all water cooled systems so constnl
that the compressor or generator is capable of]

ducing a pressure in excess of the test pres
j

except water cooled unit systems containinj
]

more than 3 pounds of a Group 1 refrigerant, I

viding the system will safely relieve the refrig
]

in case of failure of the water supply or proVJ
an overload device will stop the action of the I

pressor before the pressure exceeds one-fiftrl

ultimate strength of the system.

10.4.2 Pressure-limiting devices shall stop!

action of the pressure-imposing element at a ;i

sure not more than 90 percent of the presA

relief device setting, or 90 percent of the refrl

ant leak field test pressure actually applied, w 1

ever is lower. (See 10.2 for minimum refriga

leak field test pressures.)

10.4.3 Pressure-limiting devices shall be 1

nected, with no intervening stop valves, bet i

the pressure-imposing element and any stop I

on the discharge side.

10.5 Liquid Level Gage Glasses, except those o:l

bull's-eye or reflex type, shall have automatic o

ASRE Standard No. 15-R
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ing shut-off valves, and such glasses shall be ade-
quately protected against injury.

10.6 Dial of a Pressure Gage, when the gage is perma-
pently installed on the high side of a refrigerating

system, shall be graduated up to approximately
double the operating pressure, but in no case less

than 1.2 times the design working pressure.

10.7 Nameplate. Each separately sold condensing
unit and each compressor or compressor unit sold

for field assembly in a refrigerating system shall

carry a nameplate marked with the manufacturer's

name, nationally registered trademark or trade

name, identification number, and the name of the

refrigerant for which it is designed.

Section 11. REFRIGERANT-CONTAINING
PRESSURE VESSELS

11.1 Refrigerant-Containing Pressure Vessels Exceeding

6 Inches in Diameter. Refrigerant-containing pres-

sure vessels, except those having a maximum allow-

able internal or external working pressure 15 psig

or less, irrespective of size, or having an inside

diameter of 6 inches or less irrespective of pres-

sure, shall comply with the rules of Section VIII

of the 1949 Edition of the ASME Boiler Construc-

tion Code (see Appendix 15) covering the require-

ments for the design, fabrication, and inspection

iduring construction of unfired pressure vessels.

11.1.1 Code Inspection Exemption. Unfired pressure

vessels within the following volume and pressure

limits are exempted from the inspection require-

ments of Paragraph U-65 of Section VIII of the

1949 Edition of the ASME Boiler Construction

Code:

a) 5 cubic feet gross capacity or less designed

for pressures not exceeding 250 psig

;

b) 1U cubic feet gross capacitv or less de-

signed for pressures exceeding 250 psig;

but such vessels shall otherwise comply with Sec-

tion VIII of the 1949 Edition of the ASME Boiler

Construction Code requirements, including the re-

quired stamping but omitting the code symbol. The

foregoing limitations apply to each single vessel,

and not to an assembly of vessels.

11.1.2 Pressure Vessels Less Than 5 Cubic Feet Ca-

pacity. Except as specified in 11.2, pressure vessels

which are exempted in 11.1.1 from compliance with

Paragraph U-65 of Section VIII of the 1949 Edi-

tion of the ASME Boiler Construction Code meet

the requirements of Section 11 of this code, pro-

vided:

a) The details of design and construction shall

conform with Section VIII of the 1949

Edition of the ASME Boiler Construction

Code;

b) The materials of construction shall comply

with the provisions of Section VIII of the

1949 Edition of the ASME Boiler Con-

struction Code;

c) Welding operators and welding processes

shall be qualified as provided for in Section

VI II of the L949 Edition <>f the ASME
Boiler Construction Code;

d) Each vessel shall be tested and stamped in

accordance with the Boiler Construction
Code with either pneumatic or hydrostatic-

pressure in accordance with Par. C-77 (e) ;

e) The certification in 11.1.1 can be nut \>\

keeping a production series record of n

rial used and tests made. Certification for

individual vessels, where required, ma
made bv abstracting data from the m
record by affidavit.

11.2 Refrigerant-Containing Pressure Vettdl NlX I \

ceeding an Inside Diameter of 6 Inches, U

of pressure, shall be listed either individually or as

part of refrigeration equipment, by an app

nationally recognized testing laboratory having a

follow-up inspection service. Vessels not so

shall be constructed according to 11.1.2. (See 1.2

and 2.3.1.)

H.3 Safety Devices. All pressun vessels, irrespective

of size or pressure, shall be equipped with safety

devices in accordance with the requirements of

Section 13 of this code.

11.4 Standard Hydrostatic Tests. Fusion welded

sure vessels shall be tested in accordance with Sec-

tion VIII of the 1949 Edition of the ASME Boiler

Construction Code. (See also 11.4.1.)

11.4.1 Pneumatic Tests. Vessels for use in Bel

which cannot tolerate the presence of a t.

liquid and which cannot be readilv dried, and the

parts of which have been previously

hydrostatic pressure to not less than U- tin

design working pressure of the vessel, may !>.

given a pneumatic test as prescribed in Paragraph

U-64(f). Section VIII of the 1949 Edition of the

ASME Boiler Construction Code.

Section 12. RELIEF DEVICES IN GBNBRAI

12 1 General. Every

protected bv a pressun

constructed that pressure due to fire conditio!

be safely relieved by soldered joint

fusible plugs, or other parts of th<

1211 No stop <"/<< shall be located between any

autoniaticpreasttre-reKe/
"'-"'•'' P

the part or parts of th- Bystem pi

except whep the parallel relief

13 2 are so arranged that only one can b>

inoperative at a tin

poses.

12.1.2 AU
nected as nearly at

press*

and install
"

t

f ,r

inspection and

readilv render.

be locate al
' '"l"" 1

level.

12.1.3 The seats and di
al to
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resist refrigerant corrosion or other chemical ac-

tion caused by the refrigerant. Seats or discs of

cast iron shall not be used.

12.1.4 The rated discharge capacity of a pressure-

relief valve for a refrigerant-containing vessel,

expressed in pounds of air per minute, shall be
determined at a pressure at the inlet of the relief

valve equal to 110 percent of the valve setting in

accordance with Paragraph UG-131, Section VIII
of the 1950 Edition of the ASME Boiler Construc-
tion Code. (See Appendix 16.)

12.1.5 The rated discharge capacity of a rupture
member or fusible plug in pounds of air per minute
shall be determined by the following formulas

:

0.6 P4 2
(1)

or

id =-- 1.29-4/ —
.
P 1

where C = minimum required discharge capac-
ity, in lb of air per min

d = minimum diameter of bore of fusible

plug or internal diameter of inlet pipe
to rupture member in inches

For rupture members:
Pi = bursting pressure, equal to design

working pressure, except that for

13.7 the bursting pressure equals
1.20 times design working pressure,

psig

For fusible plugs:

P t
— saturation pressure, corresponding to

the stamped temperature melting
point of the fusible plug or the criti-

cal pressure of the refrigerant used,

whichever is smaller, psig

12.1.6 All pressure-relief devices (not fusible
plugs) shall be directly pressure-actuated.

12.1.7 The size of the discharge pipe from the
pressure-relief device shall be not less than the
size of the relief device outlet. The discharge from
more than one relief device may be run into a com-
mon header, the area of which shall be not less

than the sum of the areas of the pipes connected
thereto.

12.1.8 The length of discharge piping permitted
to be installed on the outlet of a relief valve, rup-
ture member, or fusible plug shall be determined
as follows:

3 P d"-
C = (2)

V

L1/2

9P2

where C = minimum required discharge capacity
in lb of air per min

d = internal diameter of pipe in in.

L — length of discharge pipe in ft

P = 0.25PX (P, is defined under
Equation 1.)

(See Table 7 for computations derived from t)

preceding formula.)

12.2 Pressure-Relief Devices for Positive Displaceme

Compressors. Positive displacement compressors o

erating above 15 pounds per square inch gage ai

having a displacement exceeding 50 cubic feet p
minute, shall be equipped by the manufacture

with a pressure-relief device of adequate size a?

pressure setting to prevent rupture of the comprt
sor, located between the compressor and stop uaij

on the discharge side. The discharge from su;

relief device may be vented to the atmosphere
into the low pressure side of the system.

12.3 Discharge of Pressure-Relief Devices and Fusi

Plugs on all systems containing more than 6 pour

of refrigerant, other than systems contain

Group 1 refrigerants in quantities less than sho1

in Table 1, Section 6, shall be to the outside of 1

building in an approved manner; pressure-rel

devices may discharge into the low side of 1

system provided the relief devices are of a tji

not appreciably affected by back pressures a

provided the low side of the system is equipi

with relief devices vented to the outside of 1

building in an approved manner.

12.4 Ammonia Discharge. Where ammonia is US

the discharge may be into a tank of water wh
shall be used for no purpose except ammonia i

sorption. At least 1 gallon of fresh water shall

provided for each pound of ammonia in the systd

The water used shall be prevented from freezifl

without the use of salt or chemicals. The tsi

shall be substantially constructed of not less till

% inch or No. 11 U.S. gage iron or steel. I

horizontal dimension of the tank shall be greajj

than one-half the height. The tank shall h;

hinged cover, or, if of the enclosed type, shall h
a vent hole at the top. All pipe connections sH| :

be through the top of the tank only. The discha%

pipe from the pressure-relief valves shall dischs. I

the ammonia in the center of the tank near 1

bottom.

12.5 Sulphur Dioxide Discharge. Where sulphur it

oxide is used, the discharge may be into a tanM
absorptive brine which shall be used for no pi
pose except sulphur dioxide absorption. There s»|l

be 1 gallon of standard dichromate brine (

pounds sodium dichromate per gallon of water) ^

each pound of sulphur dioxide in the system. Pnl
made with caustic soda or soda ash may be ul
in place of sodium dichromate, provided the qui
tity and strength give the equivalent sulphur div-

ide absorbing power. The tank shall be substi*

tially constructed of not less than Vs inch or 1
11 U.S. gage iron or steel. The tank shall ha\l
hinged cover, or, if of the enclosed type, shall hff

a vent hole at the top. All pipe connections s'M

be through the top of the tank only. The disehaje

pipe from the pressure-relief valve shall discha^

the sulphur dioxide in the center of the tank tw
the bottom.

i
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Section 13. RELIEF DEVICES FOR PRESSURE

[
* VESSELS

L.l General. The rules of this section are based

Ipon the rules given in Paragraphs UG-125 to

IG-134, inclusive, of Section VTII of the 1950 Edi-

lon of the ASME Boiler Construction Code, with

Lch additional restrictions as are necessary for

Imtrol of refrigerants.

h.2 Pressure Vessels over 5 Cubic Feet. Each pressure

(hssel containing liquid refrigerant with internal

J-oss volume (gross capacity) exceeding 5 cubic

|!>et and exceeding 6-inch inside diameter, except

Is specified in 13.4, and which may be shut off by
jklves from all other parts of a refrigerating sys-

\.m, shall be protected by an approved pressure-

mlief valve in parallel with a rupture member or

tecond approved pressure-relief valve. Each valve

we rupture member shall be of sufficient capacity

lf> prevent the pressure from rising more than 10

fercent above the design working pressure. (See

fcl.l.)

| 13.2.1 Relief Devices in Parallel on Large Vessels.

fi cases where large pressure vessels containing

•'quid refrigerant except as specified in 13.4, re-

jjuire the use of two or more pressure-relief devices

in parallel to obtain the capacity required by 13.5,

lie battery of pressure-relief devices shall be con-

jfdered as a unit, and therefore as one pressure-

mlief device.

t$.3 Pressure Vessels with Gross Volume of 5 Cubic

jjeet or Less. Each pressure vessel having a gross

iblume of 5 cubic feet or less, containing liquid

Mrigerant, except as specified in 13.4, and which

iiay be shut off by valves from all other parts of a

juefrigerating system, shall be protected by a pres-

Hre-relief device, or fusible plug. This shall not

jpply to vessels having an inside diameter of 6

Riches or less listed individually or as a part of

pfrigeration equipment by an approved nationally

\cognized testing laboratory having a follow-up

ispection service. (See 1.2 and 2.3.1.) If a fusible

lug is used, the ultimate bursting pressure of the

essel so protected shall be at least 2V2 times the

Refrigerant saturation pressure, psig, correspond-

ing to the stamped temperature on the fusible plug,

jr at least 21/2 times the critical pressure of the

mrigerant used, whichever is the smaller. A
\tisible plug is permitted only on the high side of a

refrigerating system.

3.4 Relief Devices for Pressure Vessels Used as, or as

tart of, Evaporator. Provisions of 13.2 and 13.2.1,

rhich require a second parallel approved relief

jevice, and 13.3 do not apply to pressure vessels

sed as, or as part of, evaporators insulated or

istalled in an insulated space, and which may be

hut off by valves from all other parts of a n

rating system.

3.5 Required Capacity. The minimum required rated

ischarge capacity of the pressure-relief device or

usible plug for a refrigerant-containing vessel

hall be determined by the following formula :

C = fDL Equation 8

where C = minimum required discharge capacity
of the relief device in lb of air per mm

D = outside diameter of the vessel in ft

L = length of the vessel in ft

/ = factor dependent upon kind
erant, as follows:

Kind of refrigerant Value of f

Ammonia
Freon-12 and Freon-22 1.6

All other r< frigt runts 1.0

13.6 Pressure-Relief Device Setting. All ptt

devices shall be set to start to function at a

sure not to exceed the design working presavn of

the vessel as determined by the manufacturer and
stamped on the vessel or system.

13.7 Rupture Member Setting When Used in Parallel

with Relief Valves. Rupture RU mbcrs used in parallel

with pressure-relit f valves on refrigerant-contain-

ing vessels shall function at a pressure not to ex-

ceed 20 percent above the design working

of the vessel.

13.8 Other Rupture Member Setting. All otlr

members used in lieu of, or in series with, a relief

valve shall function at a pressure not to exceed the

design working pressure of the vessel and the con-

ditions of application shall conform to the require-

ments of Section VIII of the 1950 Edition of the

ASME Boiler Construction Code.

13.9 Marking of Relief Device!

13.9.1 All pressure-relief valves for refrigerant-

containing vessels shall be 'set and sealed by the

manufacturer. Each relief valv< shall I

by the manufacture r with the data requin

Paragraph UG-129 (a) of Section VIII of the I960

Edition of the ASME Boiler Construction Code.

13.9.2 Each rupture member for refrigerant-

containing,pressun vessels ihall be marked with

the information required in

(d) of Section VIII of the I960 ;

I the

ASME Boiler Construction Code.

Section 14. IM ID II SIS

H.i General. Every refrigerant-containii

every system that is erected on tl
•

cept compressors .

devices, pressure gages, and control m<

that are factory tested, hall be tested

tight after complete installation, and

tion, at not less than the minimum •

field test pressures shown in Tabl<

14 2 Tert Medium. N

gas or combustible n

within the system foi

l4.3 Porting of re* \

should** provided

b or more of r,

The declaration > W

p, rted by 1

room and fJ W
,,„„, an.i-
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TABLE 6. Minimum Refrigerant Leak Field

Test Pressures
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^Effect of the classification of the refrigerant

I as provided in this standard.

Refrigerant Stored in a Machinery Room shall be
nore than 20 percent of the normal refrigerant

ged nor more than 300 pounds of the refriger-

in addition to the charge in the system and the

[gerant stored in a permanently attached re-

ir, and then only in approved stoi*age con-

zrs. (See Appendix 2.)

Masks or Helmets. One mask or helmet shall be

ided at a location convenient to the machinery
i when an amount of a Group 2 refrigerant be-

m 100 and 1000 pounds, inclusive, is employed,

ore than 1000 pounds of a Group 2 refrigerant

employed, at least two masks or helmets sMll
rovided.

.9.1 Only complete helmets or masks marked as

•oved by the Bureau of Mines of the United

es Department of the Interior and suitable for

refrigerant employed shall be used and they

I be kept in a suitable cabinet immediately out-

the machinery room or other approved acces-

location.

,9.2 Canisters or cartridges of helmets or masks
! be renewed immediately after having been

I or the seal broken and, if unused, must be

wed at least once every two years. The date

lling shall be marked thereon.

) Maintenance. All refrigerating systems shall

Maintained by the user in a clean condition,

from accumulations of oily dirt, waste, and

r debris, and shall be kept readily accessible

II times.

Responsibility as to Operation of the System. It

I be the duty of the person in charge of the

nises on which a refrigerating system contain-

more than 50 pounds of refrigerant is installed,

lace a card conspicuously as near as practicable

ie refrigerant compressor giving directions for

operation of the system, including precautions

e observed in case of a breakdown or leak as

>ws:

Instruction for shutting down the system in

case of emergency

;

The name, address, and day and night tele-

phone numbers for obtaining service;

The name, address, and telephone number of

the municipal inspection department having

jurisdiction, and instructions to notify said

department immediately in case of emer-

gency .

[2 Pressure Gages should be checked for accuracy

ir to an air test and immediately after every

ision of unusually high pressure, either by com-

mon with master gages or by setting the poii

determined by a deadweight pressure gage

er.

TABLE 7. Length of Discharge Piping for Relief ValvM
or Rupture Members of Various Discharge Capacities

(Based on Equation 2, Paragraph 12.1.8. See alio Paragraph!

13.2 to B.7, inclusive.)

•Equiv
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29-8. CAPILLARY TUBE
REFRIGERANT CONTROLS*

The introduction of Freon-12 re-

frigerant together with the development

of a successful hermetic compressor
has made possible the prevalent use of

the capillary tube as a device for con-

trolling the flow of refrigerant to the

lowside. Today practically all of the

domestic refrigerators being built, and

many of the smaller size package-type

hermetic commercial refrigerating

systems built by high mass production

methods employ a capillary tube to the

almost complete exclusion of the float

valve, the expansion valve and other re-

frigerant metering devices.

ADVANTAGES
TUBE

OF THE CAPILLARY

The reason for this popularity with

the manufacturers of package-type re-

frigerating systems is obvious when
one considers the cost saving charac-

teristics and other advantages of the

capillary tube. The most outstanding

characteristic of the capillary tube is

its simplicity. It is simply a small

diameter liquid line connecting the high

side to the low side and is usually

soldered to the suction line for heat

exchange purposes. Because of the

pressure drop caused by the length

and the small bore of the tube, it con-

trols the flow of refrigerant to the

low side. This is a marvel of simpli-

city. There are no moving parts and the

capillary is merely substituted for the

conventional liquid line. In addition, the

unloading characteristic of the capil-

lary tube (1) reduces the amount of

refrigerant charge required and makes
possible the elimination of the liquid

receiver and (2) permits the use of a

split-phase hermetic motor compres-
sor. Split-phase motor compressors

are recommended for use only with a

Courtesy of Universal Cooler Corp.

device such as a capillary that allows

the lowside and highside pressures to

equalize during the off cycle, thereby

reducing the starting torque require-

ments of the motor.

These are compelling reasons for

using a capillary tube whenever pos-

sible on a hermetic refrigerating sys-

tem that is mass produced for a highly

competive market.

PRECAUTIONS NEEDED IN APPLY-
ING CAPILLARY TUBE

The serviceman may often wish to

convert an old refrigerating system

from a float valve or expansion valve

to a capillary tube in order to make
possible the use of the split-phase

hermetic compressor or condensing

unit, or he may wish to replace some
of the components of a system that al-

ready uses a capillary. In order to do

this successfully in the field or ser-

vice shop, extreme caution is neces-

sary. In spite of the apparent simpli-

city of the capillary very careful bal-

ancing of the system is required to in-

sure satisfactory performance. Im-
proper balance of the system will be

evidenced by excessive running time,

abnormal operating pressures or by

extreme difficulty in adjusting the re-

frigerant charge properly.

First, both the highside and lowside

must be suitable for use with a capil-

lary tube. Second, the capillary must

be properly matched to the capacity of

the condensing unit. Third, high stan-

dards of cleanliness and dehydration

during processing are essential. Fail-

ure to take these factors into account

will inevitably result in unsatisfactory

performance and unless the serviceman

is able and willing to do a good job he

would do well to avoid the capillary

tube completely.

THE FIRST STEP - DESIGN OF HIG
SIDE AND LOWSIDE
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LOWSIDE APPLICATION

COND.UNIT HIGH(30° F.) MEDIUM( 10° F
.

)

L0V.(-10° F.)

5' of 0.031", or 10' of 0.031", or
1/8 H.P. 5» of 0.036", or 9' of 0.036", or 20- of 0.036"

8' of 0.042", or 18' of 0.042".
16' of 0.049".

8' of 0.031", or
1/5 H.P. - 6' of 0.036", or 16' of 0.036".

5' of 0.042", or 12' of 0.042".
10* of 0.049".

29-19. Approximate capillary tube siies.

(Tecumseh Products Corp.)

During certain portions oftheoper-

ating cycle, the compressor may pump
more than a capillary can pass. This

will result in liquid refrigerant back-

ing up in the highside. If a conventional

receiver is used, most of the refriger-

ant will accumulate here; therefore, to

prevent possible short charging of the

lowside during portions of the operat-

ing cycle the conventional liquid re-

ceiver should be omitted. For this

reason, capacitor-type units employing

a receiver are not recommended for use

with a capillary tube. In the event that a

hermetic condensing unit is being re-

worked for capillary tube application,

not only should the receiver be omitted

but also all liquid traps in the highside

should be avoided to insure rapid un-

loading of the highside during the off

cycle of the compressor.

Design of the lowside is equally im-

portant. The lowside should be of the

type that will satisfactorily operate on

a comparatively small amount of re-

frigerant, preferably less than one

pound, in order not to impose excess-

ive loads on the condensing unit dur-

ing pulldown. This is especially im-

portant because of the necessity of

operating without a receiver. If the

evaporator is of the dry type, a liquid

accumulator will usually be required to

allow for some variation in refrigerant

charge.

Because of the relatively large re-

frigerant charge required by evapora-

tors designed for use with the float

valve, such evaporators are not usually

suitable for capillary applications,

therefore, it is not generally recom-

mended that capillary tubes be applied

to evaporators of this type unless the

charge requirements are less than one

pound refrigerant.

THE SECOND STEP - CAPILLARY
SELECTION

Although good engineering practice

demands that the proper capillary be

determined by laboratory tests for each

piece of equipment at standard operat-

ing conditions, this procedure is not

practical from a serviceman's stand-

point; however, as a result of numerous

tests made by Universal Cooler, it is

possible to recommend the approxir

capillary tube to be used with the Uni-

versal Cooler 1/8 H.P. and 1/5 H.P.

split-phase condensing units and com-

pressors for the particular lowside ap-

plication. Fig 29-19 gives cmpilli

recommendations in tabular form and

enables one to ctHX miliary I

best suited to the application. Approxi-

mately four feet Of the capillar

must be SOLDERED to the suction Line

to provide good h« : to

stabilize the metering tne

capillary tube. The rem

should be coiled in the unil part-

ment.
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These recommended lengths and

bores are based on the assumption that

a four foot section of the capillary will

be soldered to the suction line as shown
in the sketch, Fig. 29-20. Recommended
lengths will not apply if this is not done
or if certain patented prefabricated as-

semblies of equivalent flow resistance

are used. Most satisfactory operation

To highside dryer

pillary/ j- Excess .ap.llir

29-20. A typical replacement capillary tube and suction

line.

(Tecumseh Products Corp.)

will be obtained if the recommendations
in the table are followed rather than to

work "blindly" with prefabricated

capillaries or adjustable restriction

devices.

Insufficient capillary will give poor
overall efficiency due to the blowing of

some uncondensed gas through the

capillary; on the other hand, too much
capillary will result in liquid refriger-

ant backing up in the high side, thus in-

creasing the discharge pressure and

short charging the low side. Thus,

proper matching of the capillary to the

compressor is essential to insure sat-

isfactory performance of the system.

THE THIRD STEP - CAREFUL PRO-
CESSING

It is obvious that extreme care

must be taken to insure a dry, clean

system. The hermetic condensing unit

is bone dry and clean when it leaves

the factory; however, it will be neces-

sary to make sure that no moisture or

dirt enters during the installation and

that the rest of the refrigerating sys-

tem is dry and clean before final as-

sembly to the unit. As an additional

precaution an approved high side drier

incorporating a strainer must be locat-

ed ahead of the capillary. The use of a

commercial anti-freeze agent is not

recommended and its use will void the

warranty.

All air must be exhausted from the

system before the final refrigerant

charge is introduced. Inasmuch as most
condensing units contain F-12 holding

charge the recommended procedure is

to blow the lowside and connecting lines

free of air with a purge of F-12 before

connecting to the highside. Then, before

final charging, the system should be

evacuated through the charging valve.

If evacuating equipment is not avail-

able, the suction line flare connection

at the valve should be left loose and the

discharge service valve opened to allow

the F-12 gas charge in the high side to

sweep through the lines and lowside,

purging any remaining air from the

system.

Finally, the system must be charged

with the proper amount of refrigerant.

Unlike the float valve or expansion

valve system which provides for con-

tinuous storage of surplus refrigerant

in the highside, the capillary system is

especially critical as regards refriger-

ant charge. The best method is to

charge refrigerant slowly into the sys-

tem with the unit running until frost

forms on the suction line to a point

just beyond the outlet of the evaporator.

To avoid overcharging of the system,
it is important that there be no refrig-

erant backed up in the high side during

the final adjustment of the refrigerant

charge.

This condition can be determined by

noting the temperature difference be-

tween the first few and the last few
rows of the condenser. If the last few
rows are noticeably cooler to the touch

you can feel sure that liquid refriger-

ant is backed up in the condenser, in-

dicating either a restriction or poor
selection of the capillary. The charge
should then be checked later on after
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the system has cycled to be sure this

frost line is being maintained. If the

system is overcharged, frost or heavy
sweat will form on the suction line be-

yond this point. If the system is under-

charged, frosting of the suction line or

evaporator will cease somewhat ahead

of that point. Another test to check the

charge is to shut off the compressor
for a few moments until the liquid re-

frigerant has drained from the highside

and has passed out through the capil-

lary to the lowside. If the system is

properly charged there will be no in-

dications of severe overcharge when
the unit is restarted.

In summary, although the proper

application of a capillary requires con-

siderable design and test in the lab-

oratory to achieve the best balanced

system with maximum operating ef-

ficiency, it is possible for the ser-

vice shop to make successful conver-

sion to a capillary providing the ser-

viceman is willing to follow the in-

structions outlined above, viz:

(1) Be sure that both the high side

and the low side are properly

designed for capillary applica-

tion.

(2) Make the proper capillary se-

lection.

(3) Process carefully to insure a

clean, dry job properly charg-

ed with refrigerant.

UNLESS THE SERVICEMAN IS ABLE
TO COMPLY WITH THE INSTRUC-

TIONS OUTLINED, CONVERSION TO
OR REWORK OF A CAPILLARY SYS-

TYM IS NOT RECOMMENDED.

The data in Fig. 29-19 holds only if

approximately four feet of capillary

are soldered to the suction line to pro-

vide heat exchange and to stabilize the

metering action of the capillary. The

excess capillary, not used for heat ex-

change, should be coiled in the machine

compartment as shown in Fig. 29-20.

29-9. SYSTEM FOR DETERMINING
DRYNESS OF REFRIGERANTS *

The DFN Moisture Indicator Figure
is 17-40, a laboratory test instrument
for use as a production and Service
tool. In a matter of minutes it shows
the moisture vapor concentration in

the refrigerant and the LOWEST TEM-
PERATURE at which the SYSTEM can
be SAFELY OPERATED.

The INDICATOR CARTRIDGE con-

tains DRIERITE, specially treated with

coloring agent - GREEN when DRY -

PURPLE when WET. The time required

for the indicating crystals to change

color determines the point at which the

refrigerant or any gas will release

water.

Any gas holding water in the vapor

state, when cooled, will reach a tem-

perature at which free moisture (Liquid

water) will appear. The greater the con-

centration of water vapor in a gas, the

higher the temperature at which water

will be released. This freeing of mois-

ture is readily shown by frost on cold

lines, beads of water on glasses of cold

liquids and in the refrigeration system

by frozen expansion valves. Free water

must be present before ice can be

formed. The highest temperature at

which free water is liberated, on cool-

ing, is called the DEW POINT. For a

given moisture concentration in a gas

there is only one Dew Point tempera-

ture. Knowing the Dew Point of a re-

frigerant determines the Lowest tem-

perature at which the expansion va

will operate satisfactorily.

HOW DRY SHOULD TMI MBE7

A -To prevent the formation of

and plating -
I

Inl shoul

-10 F. or lower.

B-To prevent valv " ll(J

have a dew point 5 ' tht>

suction temperatun .
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C - For safe operation the dew point

must be - 10 F. or lower for all

systems operating at a suction tem-

perature of - 5 F. or above.

Where suction temperature is be-

low - 5 F. the dew point must be

5 F. lower than the suction tem-

perature.

INSTRUCTIONS

FOR ASSEMBLY AND OPERATION

ASSEMBLY

Assemble unit without cartridge as

shown in Figure 17-42 using non-dry-

ing pipe compound on \ in. male pipe

threads. Remove gauge port plug and

purge out free oil lodged in port. At-

tach assembly to suction gauge if sys-

tem is operating above 10 lb. back

pressure. If operating below 10 lb.

attach to discharge gauge port. Crack

metering valve and allow gas to purge

slowly through the unit for at least 20

seconds. Close metering valve. Put top

felt in place, using tweezers, as moist-

ure from the hands may contaminate

it. Remove caps from indicator cart-

ridge and install as shown. Hold wet

finger tip \ in. above indicator cart-

ridge and crack metering valve. If

cold vapor can be felt sufficient gas

is passing through cartridge.

CAUTION - Do not open metering valve

further as liquid oil and/ or refrigerant

may be passed into the indicator cart-

ridge and spoil it beyond use.

TEST

For checking systems operating at -

10 F. and above, watch crystals change

to purple, shut metering valve and check
time of test. Refer to chart below and
you will find condition of the refriger-

ant. Leaving metering valve open to

show added color just uses up the

cartridge and does not prove anything.

It is the time taken to start color change
that counts.

FOR CHECKING SYSTEMS OPERAT-
ING BELOW - 10 F. - Blow into cart-

ridge to give purple indication or take

a partly used cartridge and install in

indicator unit with purple coloring at

the bottom. Crack valve, as stated

above, and watch for the crystals to

TIME
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outlet at the top. Keep all parts as clean

and dry as possible. Do not run test

with cap on top as glass will not stand

high pressure. By limiting test to a

few grains indication, cartridge may be

used several times if recapped and kept

in a dry place.

Take assembly apart after test and

flush out any oil which may have ac-

cumulated during test.

Indicator effective on Methyl Chloride

and Freon gases. Do not use on Sul-

phur Dioxide or Ammonia.

D.P.

29-22. Psychrometric behavior of the air in an evap-

orative condenser.

(Baltimore Aircoil Co., Inc.)

Check expansion valve to determine if

it is installed in accordance with manu-

facturers' instructions.

29-10. REFRIGERANT AND AIR

CHANGES IN EVAPORATIVE
CONDENSER

An evaporative condenser is de-

scribed in Chapter 19. Such condensers

are used because they provide lower

head pressures than air cooled con-

densers and they use less water than

water cooled condensers. As mentioned

previously, they are popular where

localities restrict the use of water for

cooling purposes.

The evaporative condenser is based
on the principle that one pound of water
absorbs approximately 1000 Btu. per
pound as it evaporates. This value com-
pared to the specific heat of water of

1 Btu. per pound per F gives some in-

dication of the water saving. Further-

more, the water evaporates into the air

and the water cools to its wet bulb
temperature, Fig. 29-22.

The air enters the evaporative con-

denser at (A) is cooled to temperature

(B) but becomes saturated with moist-

ure in the internal. The saturated air

then travels over the condenser tubes

against the water spray and exits at the

blower at temperature (C). Note that

(B) has a lower dry bulb than (A) and

therefore the condenser temperatures

and pressures are lower than if air at

(A) were used for cooling only.

Fig. 29-23 shows the path of the re-

frigerant in the condenser tubes of the

evaporative condenser. The gas enters

ENTPOPY

29-23 The heat content, the pWWW •"<* *• h*
perature change of the refrigerant a, M p.u.. trough

an evaporation condemer.

(Baltimore Aircoil Co

the condenser at (A) In

condition. The gas i

thewtui
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ed vapor line and then condenses along

line (B) to (C). The final cooling to the

room or ambient temperature takes

place (E) to (D). The line (B) to (C)

would be at a higher temperature if the

condenser were air cooled.

29-11. HEAT CONDUCTIVITY
CONDUCTIVITY

Miscellaneous Substances

Air

Concrete wall

Glass

Lead
Vacuum, high.

.175
8.00
5.0

243.0
.004

(Courtesy of: American Society of Refrigerating Engineer!)

HEAT CONDUCTIVITY
Miscellaneous insulating Materials

aterial

Cork, granulated, impregnated with pitch.

Balsa
Glass wool (curled pyrex)

Mineral (slag) wool, loose packed .

Rock wool (fibrous rock, also felteil

Sawdust, pine

Straw fibres, pressed

Wood fibres (kingia australis)

Wool, pure

Density
#/cu. ft

17.79
7 05

4.0
12.0
6.0
1.56
8.67
8.4
4.99

K Con-
ductivity

0.428
32

0.29
0.26
0.26
0.57
0.32
0.33
0.26

Note: K = BTU/sq. ft./hr./°F. for a 1' thickness

(Courtesy of: American Society of Refrigerating Engineer/)

CONDUCTIVITY OF PROPRIETARY MATERIALS

Trade Name

Armstrong's Corkboard
Celotei
Dry-Zero
Nu Wood
United's 100% pure Corkboard

U. S. Mineral Wool
Ferro Therm metal sheet(4 sheets';.

Density
f/cu. ft.

7.3
13 2

1.0
15.0
9.0
12.0

4oz./n'/9heet

K Con-
ductivity

285
0.31
0.24
0.32
0.27
0.26

226

(Courtesy of: American Society of Refrigerating Engineeri)

29-12. BRINE FREEZING
TEMPERATURES

ALCOHOL (Formula No. 1)

Temperature °F. (Freezing)

Specific Gravity at 60°F.

GLYCERIN
Temperature °F. (Freezing)

Specific Gravity at 60°F.

CALCIUM CHLORIDE
Temperature °F. t Freezing)

1 056 1.082 1 105 1.123 1 137 1 131

Specific Gravity at 60°F. 1090 1.140 1.175 1.201 1.227

29-13. SEALING INSULATIONS

The most serious problem with any

insulation is to keep the insulation dry.

The moisture that can collect in insula-

tion is always present in the air. When

the air on one side of a structure is

more moist than on the other, the pres-

sure difference (vapor pressure) is

quite high. The moisture will then seek

its way through the smallest opening

and then condense in the colder area if

the temperature is below the dew point

temperature.

It is most important therefore to in-

stall a vapor seal on the warm side of

the wall and also to allow any moisture

that does get into the insulation to

easily reach the cooling coil.

29-14. THERMO ELECTRIC

REFRIGERATION

One explanation of why direct cur-

rent electrical flow from one conductor

to another of a different material will

produce a lower temperature, is that

as electrons flow from a more active

atom to a lower activity atom, these

electrons must slow up and in the act

of slowing down release energy in the

form of heat. Therefore electrons which

flow from a lower activity atom to a

higher activity atom must speed up.

While doing this, the electron acquires

energy (absorbs heat) and the joint be-

comes cooler. These connections are

called hot junctions and cold junctions-

When electricity is passed through

these materials to produce temperature
changes it is called the Peletier effect.

When heat is applied to suchajunc-
tion of unlike materials the electrical

flow (or electrical unbalance) is called

the Seebeck effect.

It has been discovered that some
materials which are not classified as

good conductors ( semi-conductors )

give better results in producing ther-

mo electric refrigeration than do mate-
rials which are classified as good con-

ductors.

It is understood then that electron

flow is both electrical energy flow and

heat flow.
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1-49. ANSWERS TO PROBLEMS
AND QUESTIONS

1. 10.7 pounds per square inch
Absolute.

2. 9.43 cubic inches.

3. 135 pounds per square inch

gauge.

4. 150 cubic inches.

5. 970 Btu.

6. 58.46 pounds of sulphur dioxide.

7. 2.7 inches of vacuum.
8. 11 pounds per square inch or 22

inches of mercury.
9. 17.5 pounds per square inch

Absolute.

10. 1668 pound gauge.

11. 42 F. to 45 F.

12. The pressure exerted upon it.

13. pounds per square foot gauge

or 2116.8 pounds per square foot

Absolute.

14. Below.

15. It is solidified carbon dioxide.

16. No, because it will create a pres-

sure up to 1 000 pounds per square

inch gauge if sealed in and would

burst any ordinary container.

17. Dry ice will absorb a little more
than twice the heat water ice will.

18. Yes, dark colors absorb more

and radiate more than bright

colors.

19. A house being heated by a hot

air furnace.

20. Copper is a much faster con-

ductor of heat.

2-52. ANSWERS TO REVIEW
QUESTIONS

1. From the gauge: 1/8 FP x 1/4

MF adapter, 1/4 flare nut, 1/4

tubing, 1/4 flare nut, 1/4 MF x

1/4 MP.
2. The tubing should be cut square.

10.

11.

12.

13.

14.

15.

and all chips and burrs should be
removed.

The 1/4 in. uses 7/ 16 in. threads;
the 3/8 in. uses threads; and
the 1/2 in. uses threads.

Copper tubing usually has a .035
in. wall thickness although .032

in. thickness tubing is approved
for some uses. The I.D. for 1/4

in. O.D. tubing is therefore

.250 - (.035f.035)= .250 -.070 r

.180 inches.

Working copper hardens it be-
cause the grains slip on each
other making it more difficult to

bend (slip bands).

The copper tubing end is fre-

quently filed to remove the burr
and to provide full wall thickness

of the tubing at the end.

Twist the spring to increase its

diameter.

No. Flux only keeps metal clean

and from oxidizing. The metal

must be cleaned by clean tools

(scrapers, sandpaper, Si

wool, etc.)

The metal must be heated to

slightly above the melting tem-

perature of the sold' r

To remove the flux which would

otherwise corrode the joint and

also injure the Inside of the re-

frigerating system.

The brazing flux be<

and transpar

One should always us

point socket if possi!

It is always I Oil '" tO

pull on a wrench.

By usingasp

reamer.
rut the thermometer In •">

and water miztun
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water). The thermometer should

read 32 F.

16. The compound gauge is to enable

one to read pressures either

below or above atmospheric

pressure. It is used for measur-

ing evaporating pressures.

17. If there is an appreciable amount

of wax, this wax will separate at

the refrigerant orifice; and it will

tend to clog same.

18. Never fill the cylinder more than

80 per cent full of liquid refrig-

erant; otherwise the cylinder

may burst from hydraulic pres-

sure.

19. A double cut file is used for

rapid rough filing. It has two

rows of file teeth across the face.

20. 1, End wrench, 2. Swivel handle,

ratchet socket, 3. Box wrench,

4. Sliding - T handle, 5. Ratchet

handle and socket, 6. Extension

and ratchet, 7. Torque handle,

8. Pin punch, 9. Flex handle,

10. Sliding - T handle, 11. Phil-

lips head screwdriver, 12. Com-
bination box and open end wrench,

13. Slim nose pliers, 14. Box
wrench, 15. Cold chisels,

16. Combination pliers, 17. Uni-

versal joints, 18. End wrench.

3-24. ANSWERS TO REVIEW
QUESTIONS

1. Five.

2. (1) Compressor, (2) condenser,

(3) liquid receiver, (4) liquid

line, (5) refrigerant control, (6)

cooling unit, (7) motor control,

(8) suction line.

3. (1) Cooling unit, (2) motor con-

trol, and (3) suction line.

4. (1) Compressor, (2) condenser,

(3) liquid receiver, (4) liquid

line.

5. (1) Reciprocating, (2) rotary,

(3) gear, (4) centrifugal.

6. Hermetic or semi-hermetic.

7. As a gas is compressed the

molecules are hit by the com-
pressing device and thus travel

faster, which is the meaning of a

higher temperature.

8. To keep the high pressure from
backing up into the cooling coil.

9. To enable the heat to be removed
from the condenser efficiently.

10. A dry cooling coil.

11. The motor control.

12. (1) Automatic expansion valve,

(2) thermostic expansion valve,

(3) capillary tube, (4) low pres-

sure side float, and (5) high

pressure side float.

13. The eccentric crankshaft has a

larger bearing area and runs

smoother.

14. .0001 inch to .0005 inch.

15. Very small, .OlOinchto .020inch

clearance is allowed.

16. Approximately .010 inch to .015

inch.

17. A low side float maintains a con-

stant level of liquid refrigerant

on the low pressure side or one

may say it maintains a constant

quantity of liquid refrigerant on

the low pressure side.

18. The expansion valve maintains a

constant pressure on the low

pressure side while the com-
pressor is running.

19. The high side float maintains a

constant level of liquid refriger-

ant on the high pressure side.

20. The purpose of the crankshaft

seal is to make the joint, where a

crankshaft enters the compres-
sor, leak proof.

2 1 . Another word for evaporation of a

liquid is boiling or vaporizing.

22. Copper tubing or steel tubing is

used for refrigerant lines.

23. The capillary tube reduces the

pressure by offering a resistance

to the flow of liquid.

24. The condensing pressure stops

rising when the condenser con-
denses a number of molecules
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equal to the number pumped into

it.

25. A low pressure and liquid re-

frigerant must both be present to

produce refrigeration.

4-31. ANSWERS TO REVIEW
QUESTIONS

1. The compressor moves the evap-
orated gas to high temperature
--high pressure level where the

gas may then be easily cooled and

converted to a liquid.

2. The compressor will be more
compact and smoother.

3. A full floating piston is free to

turn in either the piston bosses

or in the connecting rod bushing.

4. The weight of the valves inter-

feres with the gas flow; therefore

the lighter they are, the better.

5. A soft metal to a hard metal

polished surface in rubbing con-

tact forms a leak proof joint.

6. Pistons are most commonly
made of cast iron.

7. Any gas left in the cylinder at the

end of the exhaust stroke is lost

gas pumped and reduces the gas

volume capacity of the compres-

sor.

8. The compressor cylinder maybe
cooled by air, or water or both.

9. The motor and compressor as-

sembly is mounted on springs

inside of the sealing dome.

10. Hermetic motors are either

cooled by pressing the stator in

the dome to allow heat to flow to

the dome, or the evaporated and

cool gas is made topass overthe

coils before it is picked up by the

compressor.
11. No, it is not. It reciprocates in

its slot.

12. Four of each.

13. The accuracy of the fit between

the roller and the cylinder de-

pends completely on the accuracy

of the main bearing fits.

14. Nothing. It does have a check
valve in the suction line to pr> -

vent the movement of oil and hot

gas back into the cooling unit

during the off cycle.

15. The cavity near the axis of the

shaft can be used as an oil pump
as the blade moves in and out of

its slot.

16. Yes. The Norge Rollator used

this type seal for years.

17. The blades are made of carbon

to reduce weight and noise. The

carbon also has a self lubricating

quality and is very fast seating

to provide a more efficient com-

pressor.

18. If the compressor shaft is bent,

the journals will not align them-

selves with the main bearings

and will wear rapidly; the seal

will leak very soon; and the

clearance pockets if not the fits

of the pumping parts will not be

correct.

19. No. Thecompressorworksonthe

principle of centrifugal fore

valves are not necessary.

20. It revolves at a higher Speed

because the efficiency Increases

as the speed is increased.

5 28 ANSWERS TO REVIEW
QUESTIONS

1. Float calibration is to have the

needle close at a definite float

level or position.

2. Four. Atmosphere pi lou

side pressure, adjusting pring,

force, and needle return spring

force.

3. To enable the

used for different refrigerants

and also to adjust for diffl

altitudes,

4. The

automata '

and

the thermostatii

are the ones th ri

ing refr
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5. Thermostatic expansion valve

superheat is that temperature

difference between the liquid re-

frigerant in the cooling coil and

the thermal bulb temperature.

6. Approximately 20%. This amount
evaporates and cools the re-

maining 80% liquid to cooling

unit temperatures.

7. This charge must be the same
refrigerant as that used in the

system, to insure a constant

superheat.

8. Between a 60 and 100-mesh
screen.

9. In the late 1920's.

10. Brass.
11. The thermal bulb will not be able

to react in time to keep a con-

stant superheat, and the unit will

frost back and starve inter-

mittently.

12. It is usually fastened by means
of an SAE flare connection

although large units use a solder-

ed joint and flange.

13. To aid the removal of oil that

collects there.

14. It is a needle and seat combina-
tion, removable in one piece.

15. Either by bending the float arm
or by using an adjusting screw
provided.

16. Usually steel, but occasionally

brass.

17. Excessive head pressure.

18. Either a weight check valve is

used at the cooling unit end of the

liquid line or a capillary tube

carries the refrigerant to the

coiling coil. In either case this

tubing is insulated.

19. To permit the proper amount of

refrigerant as the unit runs and

to reduce the refrigerant pres-

sure from the high pressure
level to the low pressure level.

20. It reduces the pressure by fric-

tion, first of the liquid refriger-

ant, and then of the liquid and gas

in combustion.

21. No, because all the refrigerant

moves into the low side during

the off-cycle.

22. The resistance increases as the

tube length is increased and the

amount of refrigerant flowing

will decrease.

23. Yes, it is very important that the

refrigerant be cleaned of any
foreign matter before the re-

frigerant enters the tube.

24. Yes, by winding the tube in a

tighter helix or by changing the

cross section of the tube.

25. Rotary compressor systems.

6-27. ANSWERS TO REVIEW
QUESTIONS

1. The thermostatic motor control,

because a pressure motor con-

trol cannot operate with a con-
stant low side pressure.

2. Because they both operate from
changing pressures.

3. It maintains a useful tempera-
ture in a cabinet, and it controls

the cycling intervals of the me-
chanism.

4. There are three.

5. Any volatile fluid.

6. An external switch must be pro-

vided to disconnect the starting

winding after the motor comes
up to speed.

7. The range adjustment affects the

temperature of the coil and there-

fore the fixture.

8. The differential adjustment con-

trols the cycling interval.

9. Various types of heat responsive

switches are put in the circuit.

These switches will open if the

unit draws too much current, or

if the compressor or motor gets

too hot.

10. No.

11. Yes.
12. Yes.
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13. Magnetic switch or magnetic
starter.

14. Three.

15. A screwdriver with special pro-
visions for holding the screw
while it is being inserted.

16. By using a special tool whichin-
corporates a refrigerant tube, a

thermometer and a thermostat

bulb clamp.

17. A device must be used to dis-

connect the starting winding when
the motor reaches a safe speed,

and this device usually mounted
outside the hermetic dome.

18. Voltage drop is that amount of

voltage lost overcoming the re-

sistance to the current flow in

any wire or electrical device.

19. The resistance of the loose con-

nection acts as a heating coil,

and the connection becomes warm
or even hot enough to cause com-
bustion.

20. The amperage magnetic relay

has the larger wire in the coil.

21. No. It does not use gravity in its

functions but relies on spring

tension.

22. A fine mill file or dry sand

paper.

23. To help trace circuits and to aid

following the instructions on a

wiring diagram.

24. The current draw or flow would

be greater on starting.

2 5. The voltage drop is greatest as

the motor is starting.

7-60. ANSWERS TO REVIEW
QUESTIONS

1. Open systems are repulsion-

start induction run motors, cap-

acitors start induction motors

and D.C. motors. Hermetic sys-

tems use split phase motors and

capacitor start induction run

motors.

2. This type motor uses two field

windings.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

To aid cooling and to prevent
insulation breakdown.
No.

The motor starts as a repulsion-
induction motor and runs as an
induction motor.

Radical type commutators that

look like spokes of a wheel and
the cylindrical type that look like

a straight barrel with staves.

Running winding - 108 watts to

163 watts.

When it is large enough for the

starting current, it is too big for

the running current.

It has fewer moving parts and

therefore maintenance is less.

Open motors using plain bear-

ings should be oiled about once

each six months.

To absorb vibrations and to ab-

sorb some of the starting torque

reaction.

Either split-phase or capacitor

start-induction run motors.

Direct current motors are avail-

able in 32, 115 or 230 volt

models.

Radio interference can be reduc-

ed by grounding the motor and

compressor together and then

grounding the motor to a conduct

or water pipe.

Three.

Two.

Because the starting winding is

constructed of finer wire and the

current takes a little Longer to

build up its magnetism in the

starter windings. Th< the

result is like splitting the pi

cycle.

Cooling the motor.

They mustb<

because they operate In M
and refrigerani atmospn

\ synthetic rubber

sistant to oil and ' Ml.

A capacitor

le of two Layera ofn
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foil insulated from each other. It

is used to absorb charges of

electrons and discharge them at

the current time.

22. Yes.

23. The starting circuit is opened.

24. Induction motors with shaded

pole starting devices.

25. In parallel and controlled by the

thermostat.

26. To free a stuck compressor. This

method is successful where a

foreign particle locks the com-
pressor temporarily.

27. A powered test light will reveal

continuity through the capacitor.

28. Voltage drop is the electrical

loss that occurs in any and every

electrical device when current

flows.

29. Not more than 10% or about 15

volts.

30. Most wires have different color-

ed insulations. If not, each wire

should be tagged.

31. The magnetic center is the posi-

tion a rotortries to assume along

its axis.

32. Electrical continuity is a closed

circuit. There is a circuit for the

electrical current to move along.

33. A compound wound D.C. motor
has one field winding in parallel

with the rotor windings and one

field winding is in series with the

rotor windings.

34. 1 of a second.

T20

3 5. To carry oil from the oil reser-

voir to the bearing surfaces

(with capillary action).

8-38. ANSWERS TO REVIEW
QUESTIONS

1. Because it has an obnoxious odor,
it has too high a head pressure
for air cooled condenser, and it

is explosive and flammable in

narrow limits.

9.

10.

2. By using a swab saturated with

28 per cent aqua ammonia: a

white vapor will indicate the

pressure of sulphur dioxide.

3. It is too flammable.
4. 7 5 pounds per square inch.

5. Soap suds are best for safety but

a halide torch can be used in very
well ventilated places.

6. At 5 F. sulphur dioxide has a

vapor pressure of 6 inch vacuum
and methyl chloride a pressure
of 6 psig.

7. It means that those gases belong-

ing to the halogen family can be

detected by this method.

8. Toxic means that the material

has a determined effect on the

respiratory system.

The Grunow used to use Carrene.
It must be as moisture free as

possible, it must have a 150

viscosity, it must be wax free

and it must have a -20 F. pour
point.

The same as sulphur dioxide but

it need not be as moisture free.

It is known as dichlorodifluoro-

methane.

13. 108 psig.

14. 30 F.

15. 310 psig.

No.

Add about 35 F. to the room or

ambient temperature and then

look up the vapor pressure at this

higher temperature.

Crosley in 1935.

Any refrigerant that contains a

chemical of the halogen family.

Those refrigerants with chlorine

and/ or fluorine are the most
common ones.

The condensing temperature will

be about 110 F. and the pressure
will therefore be about 8 psig.

220 psig.

22. They become equal when the unit

is idle but the refrigerant be-

comes between 5 F. to 10 F.

11,

12.

16.

17.

18.

19.

20

21
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colder than the coil when the unit

is running.

23. The head pressure becomes
higher than normal because the

refrigerant still has to reach its

condensing temperature and the

air pressure is an added pres-
sure to this condensingpressure
and temperature.

9-37. ANSWERS TO REVIEW
QUESTIONS

1. To keep the heat leakage into the

cabinet to a minimum and there-

fore to reduce the cost of opera-

tion.

2. Approximately 3 inches.

3. Because the inside temperature

of the cabinet is cold enough to

make moisture precipitate out of

the air. If the insulation is not

water proof, the moisture will

collect in it and ruin its insulat-

ing ability.

4. This is the cubic feet of space in

which food may be stored.

5. (1) In the top of the cabinet,

(2) in the base of the cabinet, and

(3) remote.

6. To enable an easy means of

breaking the frozen contact be-

tween the tray and the shelf.

7. The frost acts as an insulation

and also stores food odors.

8. Approximately 1/4 inch.

9. A luke warm baking soda and

water solution.

10. By washing them with vinegar.

11. (1) Corkboard, (2) dry -zero,

and (3) metal foil.

12. By means of a rubber gasket

which is slightly compressed

when the cabinet door is closed,

sealing it.

13. (1) Upper right hand corner, (2)

upper left hand corner, (3) up-

per middle, and (4) across the

top of the cabinet.

14. Because warm air rises and cold

15.

16.

17.

19.

air falls, the location of cooling
coil at the top of the cabinet pro-
motes air circulation and uni-

form temperature.
The very cold cooling coil will

draw the moisture out of foods
(dehydrate) unless they are pro-
tected.

Because a blast of air is continu-

ally forced over the air-cooled

condensers in most machines,
this air circulation deposits dust

and lint between the fins of the

condensers. This dirt accumu-
lates and eventually restricts the

air flow over the condenser to

such an extent that very ineffi-

cient cooling results.

A distributor of electrical re-

frigerators should operate each

and every refrigerator for 24

hours, checking it thoroughly for

correct functioning, before de-

livering it to the purchaser.

A good method for providing

positive rearventilation of a base

located condensing unit is to at-

tach strips of wood or metal to

the rear of the cabinet in such a

manner that the cabinet cannot

be pushed tight against the wall.

If a refrigerating mechanism is

shut down for 4 8 hours or n

the pressures in the

equalize and become the pr

sure corresponding to the room

temperature. The result of this is

that condensation of refrigerant

will take place in the (rank

of the compressor, and when

the unit is started again in addi-

tion to having an P-

compressor of the

cessivc low side pr

liquid refrigerant vapor

the cran

I hes< two< onditioi

peak down the D

the reason for th

up of th(
;1 to tn '"
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extent that any dirt particles

which may have settled in the

screen and odd crevices will

again be in circulation.

20. It is best to allow a refrigerat-

ing machine to refrigerate con-

tinuously for its full life and

never allow it to be turned off

for more than 6 hour periods.

This enables the machine to set-

tle down to one continuous routine

and permits a harmonic opera-

tion of all of the various parts of

the system. It is the best insur-

ance for a long continuous and

efficient life of the mechanism.
21. To allow correct oil levels, and

to permit correct operation of the

float mechanisms.
22. Low line voltage operation will

result in very poor operating ef-

ficiencies and burned - out mot-
ors.

23. It is drained to a pan near the

compressor when the heat from
the condensing unit evaporates

it.

24. Place a bright light inside the re-

frigerator cabinet and look for

light through cracks in the gasket

seal.

25. Strikes only are adjustable in

most cases. Strikes are mounted
on adjustable bases.

10-15. ANSWERS TO REVIEW
QUESTIONS

1. The condenser cooling fan is

driven by the same motor that

drives the compressor.
2. The weight valve is used to keep

the liquid line pressure high
enough to prevent evaporation of

the refrigerant in the liauidline.

3. The low side float needs too

much room and too much re-

frigerant.

4. Not all condensers. Most of the

newer units are designed to pro-

vide natural connections past the

condenser.

5. Some of the very first units built

in the early 20's did use a pres-
sure motor control.

6. Yes, a few were used when con-

ventional systems were popular.

7. The low side float systems main-
ly used sulphur dioxide although

a few used methyl chloride.

8. The first use of the capillary

tube was in the Rice refrigerator

in 1928.

9. No, many refrigerators had the

condensing unit located in the top

of the cabinet.

10. The capillary tube prevented

sweating or frosting of the liquid

line between the float and the

cooling coil.

11-58. ANSWERS TO REVIEW
QUESTIONS

1. In air-cooled units a hot liquid

line indicates a lack of refrig-

erant in the system.
2. Most of the units have service

valve stems which use a 1/4 in.

square opening wrench. Some of

the companies, however, use a

3/16 in. square opening wrench.
3. Controls are tested with dry air

to eliminate the condensation of

moisture on the internal parts of

the mechanism.
4. A pounding noise in the com-

pressor when the compressor
starts to pump a vacuum is in-

dicative of oil pumping. (This is

hard on the compressor and the

compressor should be stopped.)

5. After gauges have been installed

in the system, they should be

carefully tested for leaks because

(1) in case the low side is under
a vacuum, a leak will permit the

air to go into the system; (2) if

the pressure in the system is

higher than atmospheric pres-
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sure the refrigerant will leak out

and be irritating to the service

man if it is an irritant refriger-

ant, while in all cases it will

make it difficult for the service

man to detect the exact source

of permanent leaks in the sys-

tem; (3) the leakage of refriger-

ant at the gauge joints occasion-

ally spoils the accuracy of the

gauge reading.

6. A halide torch must be charged

and pumped up to its pressure

outside the rooms where the re-

frigerating mechanism is located

because if any refrigerant is put

into the torch either through the

medium of air or by means of the

fluid itself, the torch will burn

continuously with the leak detect-

ing color destroying its useful-

ness. If this has been done the

torch must be thoroughly cleaned

to make it usable again.

7. Service valve packings are made

of asbestos covered with lead

sheet and graphite.

8. An exhaust valve seat is best

lapped on a lapping block, first

using a fine alundum lapping

powder and refrigerant oil. A

figure eight motion should be

used and the valve plate should

be continuously turned under

one's hand. Remove all the lap-

ping powder and clean both the

block and the valve plate with oil

after all the crevices have been

removed from the valve seat and

then polish the same by lapping

it on the same block but using

refrigerant oil only.

9. An air-cooled sulphur dioxide

system having 1 10 psi head pres-

sure indicates the followingtrou-

bles in the order of their possi-

bility:

(1) Air in the system.

(2) Externally restricted con-

denser.

(3) Poor circulation of air in or
out of the condensing unit.

(4) Too much refrigerant in the

system.

(5) Too much oil in the system.

(6) An extremely warm room.
10. A frosted suction Line with an

above normal low side pressure

indicates:

(1) With an expansion valve re-

frigerant control this m
that the expansion valve ad-

justment is turned in too far

or that the needle and seat

are leaking.

(2) With low side float system

this means that the needle and

seat are leaking or that the

float is calibrated too high,

or that the float ball itself

has sprung a leak.

(3) With a high side float sys-

tem this means that the sys-

tem is charged with too much

refrigerant or that the needle

and seat are leaking.

(4) Capillary tube systems have

this trouble if they are charg-

ed with too much refrigerant.

11. In the low pressure side on the

S.S.V.

12. In the high pressure side on the

D.S.V.

13. To prevent a flow of air into the

system or of gas out of the

tern.

14. Approximately 10 psig

the refrigerant will b« al

15. Approximately 125 p

16. The precautions

(1) The charging line

in excellent condition.

(2) One Bhou]

(3) The charging line should be

purged.

(4) Only tb

should he added

der (85 per • ent full).

17 .
Because the

at openin
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18. The four common expansion valve
troubles are:

(1) Leaking needle.

(2) Out of adjustment.

(3) Moisture on the bellows.

(4) Moisture at the needle.

19. This moisture will freeze and
prevent any movement of the bel-

lows keeping it open continuously

or closed almost continuously.

20. Immerse the float ball in very
hot water and watch for bubbles.

21. Pass a swab saturated with 28

per cent acqua ammonia around

the joints (do not touch any parts)

and watch for white fumes which
indicate the presence of sulphur

dioxide fumes.

22. Pass the suction tube of the

lighted halide torch close to the

connections suspected of leaking

and if the flame becomes a bril-

lian green a leak is present (use

the torch only in a well ventilat-

ed place).

23. A higher-than-normal head pres-
sure.

24. The two methods are:

(1) Balancing the pressure in the

crankcase and adding the oil

through the oil plug opening.

(2) By sucking the oil in through

the S.S.V. gauge opening.

2 5. To remove all the refrigerant

from the oil by purging this gas

out of the D.S.V. gauge opening.

12-34. ANSWERS TO REVIEW
QUESTIONS

1. The refrigerant must be chem-
ically pure or acids and/ or ab-
rasives will be formed that will

harm the system.
2. They are stored under pressure

and any sudden release may put a

freezing liquid on one's face,

shin, or eyes.

3. A cheap or old, or corroded
cylinder may explode at any

moment, causingserious damage?

4. Glycerine is a non-corrosive

chemical.

5. The two types of refrigeratior

service shops are (1) the shop

that repairs equipment for onei

company; (2) the shop that over-

hauls equipment for any and al

service men that wish to use its

facilities.

6. A lathe may be used for the

following work:

(1) To true up shafts including

crankshafts and arma-
tures.

(2) To reface armatures com-
mutators.

(3) To reface valve seats.

(4) To reface crankcase seal

disks and sylphon bellows

rings.

(5) To open liquid receivers.

(6) To wind tubing into cyl-

indrical forms.

(7) To grind crankshaft sea!

shoulders.

7. Two types of charging standi

being used at the present time

are:

(1) Dispensing the refrigerant:

directly from the storec

cylinder into the service

cylinders and determininf

the amount transferred by

weighing the cylinder intc

which the refrigerant is

transferred.

(2) The other stand uses an

intermediate cylinder

equipped with a glass sight

level gauge. The refriger-

ant is removed from this

intermediate cylinder into

the drum to be charged and

the change in the liquid

level in the sight level

gauge indicates the amount

transferred.
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8. An air dryer is necessary in the

inlet of the air compressor to

enable the obtaining of dry high

pressure air. If this d/*yer is not

used, moisture condensation

gradually accumulates in the air

storage tank and eventually the

compressed air is made unsuit-

able for blowing out parts of the

refrigerating system.

9. Three kinds of lapping blocks or

surfaces are:

a) A flat plate surfaced with

fine sandpaper or polishing

paper.

b) Plate glass.

c) Seasoned cast iron blocks

with a very accurately

ground and lapped flat sur-

face.

10. A compressor should be run at

its rate of speed when testing it

for efficiency to obtain a true

picture of how much it can pump.

The volumetric efficiency of a

compressor decreases as the

speed increases and conversely.

For this reason the only accurate

test is to run the compressor at

its rated speed.

11. "Baking" a compressor is to

keep it at 200 F. to 250 F. for a

period of 8 to 24 hours with the

24-hour period recommended.

This will drive any moisture out

of the compressor, leaving it

thoroughly dehydrated.

12. The exhaust fan of a refrigerat-

ing repair shop is usually located

near the floor because most of the

refrigerants in a gaseous form

are heavier than air.

13. Goggles, rubberaprons, and rub-

ber gloves should be used when

working with the acid dip bath

to minimize chances of being

blinded or of getting severely

burned by the acid. This is a

safety precaution that should al-

ways be followed.

14,

13-9.

The fire hazard in a paint spray
booth comes from the use of

thinners and nitrate paints which
are explosive when very finely

atomized. The paint spray booth

should, therefore, be shielded

from any open flames in the

room and it should have a sep-

arate adequate exhaust fan to

remove the paint fumes as rapid-

ly as they are formed. The best

solution to the problem is to h i

the paint spray booth located in a

separate room.

ANSWERS TO REVIEW
QUESTIONS

(A) is the generator during the

firing periods and is the absorb-

er during the cooling periods.

(B) is the water-cooled condens-

er.

(C) is the liquid receiver.

(D) is the cooling coil.

(E) is the burner.

(F) is the cooling water inlet to

the condenser.

(G) is the cooling water outlet

of the condenser.

The ammonia and water combin-

ation in absorption refrigeration

is popular because of the avail-

ability of the two, the powerful

attraction the one has for the

other, the decided temperature

difference in their boiling points

and the high latent heat of the

ammonia.
The purpose of the hydrogen In

the Serve 1 is to pr

nine-tenths of the pn

the cooling coil, permittin,

ammonia to vapor I L©"

vapor pressure, n

two pressur

sure throughout the

The
'

tricity is n<

for the use or the keroi
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fired absorption refrigerator.

5. Michael Faraday discovered the

absorption principle in 1824.

6. The absorber in the Servel cycle

must be cooled because when the

weak water solution absorbs the

ammonia gas out of the hydrogen,

heat is generated and it must be

removed.

7. The purpose of a heat exchanger
is to exchange heat between li-

quids or gases at two different

temperatures. For example, the

liquid line of the Servel is sur-

rounded by the cool mixture of

ammonia and hydrogen coming
from the cooling coil so that the

liquid ammonia will be cooled

before it reaches the cooling

unit.

8. When the gas flame becomes
larger the percolation action in-

creases, forcing more ammonia
gas up to the condenser, more
ammonia condenses, and there-

fore a greater quantity of liquid

ammonia will be fed to the cool-

ing coil, producing more refrig-

eration.

9. The storage chamber on the re-

ceiver is insulated because

otherwise it would act as a cool-

ing coil during the freezing part

of the cycle and would produce

too much refrigeration.

10. These mechanisms are provided

with a fuse plug because am-
monia is a high pressure refrig-

erant and during extreme cases

such as a fire in the building the

unit might blow up or explode if

it were not provided with this

fuse plug.

11. (1) Water, (2) silica-gel (3) sil-

ver chloride.

12. It depends upon the compression

due to the heat in the generator

and upon the heat removing abil-

ity of the condenser.

13. It acts as the absorber during

the freezing part of the cycle.

14. Yes, and they are still being

used on freight cars.

14-14. ANSWERS TO REVIEW
QUESTIONS

1. Ammonia, hydrogen, and water
are the three substances used in

the Servel mechanism.
2. The F-ll is used to form a hot

vapor bath around the generator

during the heating period and to

cool the generator during the

absorption period.

3. The Faraday was equipped with

a pilot light because the gas

burned intermittently.

4. Copper tubing was used in the

Faraday because dry or anhyd-

rous ammonia was used as the

refrigerant.

5. The Faraday water valve was
operated by the temperature of

the exhaust water. If the water

leaving the unit became warmer,
the valve opened farther and

conversely.

6. The water cooled the F-ll re-

frigerant, which in turn cooled

the absorber.

7. The temperature control valve

permitted only liquid ammonia
to go into the cooling coil during

the generating period and main-
tained any desired pressure in

the cooling coil during the ab-

sorption period.

8. The purpose of the methyl chlor-

ide in the secondary cooled Ser-

vel is to cool the absorber, the

methyl chloride in turn being

cooled by the air in the room.

9. The kerosene used in the inter-

mittent absorption machines
must be very clean and dry other-

wise it will emit a smudge and

odor.

10. By controlling the size of the
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11.

12.

13.

14.

15-25.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

16-15.

gas flame.

The upper coil is the cabinet

cooling coil while the lower coil

is used to produce ic'e cubes.

To permit feeding the cooling

coil with liquid refrigerant.

Ammonia.
It was used to hold the condens-

ing water, which in turn sur-

rounded the condenser coils.

ANSWERS TO REVIEW
QUESTIONS

The fluids flow by gravity and

the unit must be level to permit

proper flow.

Air flow is obtained by putting

the cabinet at least two inches

from the back wall and keeping

at least 12 inches of clear space

above the cabinet.

Yes.

A flue is a passage way for the

products of combustion.

The pressure is measured with

a water filled manometer.

The pressure regulator in the

base of the cabinet is not needed

for L P systems because the cy-

linders or bottles already are

provided with regulators.

A thermostat controls the amount

of gas fed to the burner.

The thermostat has a minimum
flame by-pass adjustment.

Either heat isn't getting into the

generator or the condenser and

absorber are not being cooled.

A timer operates electric heat-

ing elements that quickly re-

move the frost from the cooling

coil without affecting the foods

being stored in the freezer com-

partment.

ANSWERS TO REVIEW
QUESTIONS

A hermetic mechanism is one

that has all sealed joints.

10.

17-31

1.

2.

3.

4.

A static condenser.

It is fastened by a flash re-

sistance welding process.

A motor, a rely, a thermostat,

a light, and a light switch.

By using a separate thermostat

to control the electrical flow to

the resistance unit in the com-
partment.

To remove the frost without

allowing a rise in temperature

of the foods in the freezing

compartment and in the cabinet.

A solenoid valve controls a by-

pass that carries hot compressed

gas directly to the cooling coil.

A semi-automatic defrosting

system must be manually turned

on, but it automatically returns

to normal operation.

The tubing is installed in the

door jam just back of the plastic

breaker plate. This design per-

mits removing the complete unit

without disconnecting any of the

unit.

Some units drain this water to a

pan near the motor-compressor

and evaporate it there; Others

drain the water into a tray and it

must be disposed of manually.

ANSWERS TO REVIEW
QUESTIONS

No, some are completely sealed

including the charging plug.

Freon 12 is the most popular.

To direct the air flow, »ndt<

duce noise.

Generally one, but tta

many onthe market that I

one for frozen foodi end one for

regular pefl

ture malntenaa

The hot oil will ba

Buction line during thi

of t!)
rm th " th " r

'~

mostat and the I OOlla

If tubing vibr.it
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monic of the motor-compressor
vibration. If the tubing vibrates

at a frequency within the audible

range an annoying sound is heard.

This vibration can be eliminated

by putting rubber weights on the

tubing or even bending the tubing

slightly.

7. The dome may be opened by
grinding the welded joint, or cut-

ting the welded joint in a lathe

or in a vertical mill.

8. A vacuum cleaner with special

nozzles is essential if one wishes

to do a good cleaning job.

9. The compressor motor, the con-
denser, and the cooling coil must
be fastened to a rigid frame to

prevent abuse.

10. Silver brazing is recommended
for all copper and steel joints.

18-30. ANSWERS TO
QUESTIONS

REVIEW

1. The temperatures desired in

commercial refrigeration areas

follows: (1) Water-cooling in-

stallations have a water tem-
perature 40 F. to55F. (2) Walk-

in coolers 36 F. to 40 F. (3) Flor-

ist cabinets 50 F. to 60 F.

(4) Ice cream cabinets F. to

12 F. The minimum temperature

encountered in commercial re-

frigeration is for the mainten-

ance of brick ice cream which

needs a temperature of F. The
manufacture of ice cream in

small quantities is becoming

popular and in commercial in-

stallations of this type tempera-

tures of -10 F. are desired for

hardening.

2. The joints between the doors and

their frames and between wind-

dows and their frames must be

air-tight in refrigerator cabinets

or a continuous air circulation

will occur due to the tempera-

ture differences. This will in-

crease the cost of operation.

3. The windows of the refrigerator

cabinet are usually of the two or

three pane construction having

one and two dead air spaces

respectively. The glass itself is

a very poor insulator sothedead

air spaces are used to provide

the insulation. Theoretically,

dead air is one of the best in-

sulations, but in the case of this

kind, the radiation load into the

cabinet is high and the dead air

spaces are so large that internal

convection takes place permit-

ting some heat to pass into the

cabinet.

4. The dead air space formed by

these window panes must be kept

free from moisture to stop fog-

ging or moisture precipitation

on the inner pane. This is done

by using a moisture absorbing

chemical such as calcium chlor-

ide between the panes.

5. The lights of display counters

are usually mounted outside of

the cabinet because they produce

considerable heat and it is there-

fore more economical to have

them mounted outside.

6. The average temperature of a

walk-in cooler may be found half

way between the cold and warm
air flues of a cabinet, two inches

away from the wall that is far-

thest from the door, and about

four feet from the floor.

7. Most commercial installations

are of the multiple type because
this permits the use of a smaller
condensing unit as the peak loads

of the various cabinets do not

occur at the same time. With one

cabinet or in a single installation

the unit must be large enough to

take care of the peak load.

8. (1) Water in a heat treating room
of a tool and die factory should
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not be cooled lower than 50 F.;

55 F. is recommended.

(2) A water temperature of 40 F.

to 45 F. will be found satisfactory

for an office building.

9. The length of the counter deter-

mines the number of coils be-

cause of the air circulation. The
circulation must be greater in

the horizontal direction than it is

in the vertical direction which

tends to slow it up considerably.

To minimize this horizontal air

circulating distance, coils are

placed at both ends of the count-

er.

10. The moisture content in the air

is very important in produce

storage cabinets because most

of the material stored has a very

high moisture content. If the air

in the cabinet is dry this dry air

as it circulates over the mater-

ial will remove some of the

moisture from them, spoiling the

appearance and decreasing the

weight of the material.

11. Vertical double glass or triple

glass plates are built around the

upper third of the cabinet.

12. A double duty case is one that is

used as a display case and as a

refrigerator cabinet in the base.

13. The cooling coil is located in the

base in the back of the case.

14. These coils are defrosted with

hot condenser gas or with elec-

trical heating coils.

15. The two basic types are the ice

cube tray type and the automatic

ice cube maker.

16. Hot gas defrosting is by-passing

the condenser gas directly into

coils in the cooling compartment.

17. The water pump is to push cool-

ing water forcibly around the

milk cans.

18. The bacteria growth in unpas-

teurized milk is very rapid if it is

kept at a warm temperature.

19.

20.

19-57.

4.

5.

6.

It is very compact.
To sub-cool metals in heat treat-

ing and to cool electrode points

in spot welding.

ANSWERS TO REVIEW
QUESTIONS

The advantage of a non-frosting

cooling coil is that it maintains

a constant heat removing effi-

ciency without needing any at-

tention; and its operation is such

that it does not remove the mois-

ture from the air very rapidly,

permitting a higher relative hu-

midity to be maintained in the

cabinet.

A high pressure motor cut-out

switch should be installed on all

water-cooled condensing units

because of the danger of an in-

adequate water supply. If the

water were to be restricted in

its flow, the resulting excessive

head pressure would soon burn

out the motor unless the safety

cut-out functions.

Intake valves of a compressor

are frequently located in the |

of the piston, although some com-

panies locate them in a valve

plate, while others use valve

ports cut into the cylinder walls.

It is advisable to connect the high

pressure motor cut-out bellows

to the cylinder head of the- com-

pressor because this facilil

the removal of th for

servicing.

The three types of

are: (1) theele<

type, (2) the pressure opei

type, (3) the therm

(1) The metering, two-t<

Hire valve; (2) the

two-ten ! (3) the

thermostatli

valve.

The advantage of a •
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condenser over an air-cooled

condenser is that it enables low-

er head pressures thus permit-

ting greater capacity and reduc-

ing the wear on the moving parts

of the system. Another advantage

is that the condensing unit may be

installed in small, out-of-the-

way corners without decreasing

its efficiency. However, the use

of water means an additional ex-

pense of operation and occasion-

ally localities are found wherein

the water is corrosive to the

water-carrying tubes. The ad-

vantage of the air-cooled con-

denser is that it is a simpler

mechanism, has a cheaper first

cost, allows for an easy installa-

tion, and may be used anywhere

that sufficient air is available.

The disadvantages are that the

room in which the condens-

ing unit is installed must be of

sufficient size to provide enough

air for cooling, the fan produces

some noise, and because of the

higher temperature of the cool-

ing medium, the head pressure

in the system is greater which

reduces its capacity.

8. The forced circulation cooling

coil takes up little space, needs

no baffles, and cools the produce

very rapidly.

9. To enable one motor control to

control the cooling of all the coils

connected in that system.

10. The check valves are located in

the suction lines of the coldest

coils.

11. The coils controlled by the two-

temperature valve should not ex-

ceed 40 per cent of the total re-

frigeration load.

12. The evaporative condenser saves

85 per cent of the water because

it uses latent heat of evapora-

tion for water instead of the

specific heat (1000 Btu) lb. vs.

1 Btu 1 lb).

13. Yes, these safety devices are

required by code and the safety

opening is piped to the outdoors

through a silver brazed pipe.

14. Water.

15. To carry heat between the re-

frigerant coil and the beverage

coil.

16. The refrigerant flows in the op-

posite direction to the water

flow. This action places the cold

water near the coolest refriger<-

ant and thereby maintains a more
constant temperature difference.

17. The air-cooled condenser is used

only during normal loads; this

action conserves water.

18. They must be cleaned to remove
odor producing elements.

19. The water is sprayed on, or

dripped on the external surfaces

of the coil, thus melting the ice

accumulation.

20. These drain facilities must be

kept warm to prevent the drain

water from freezing in them and

clogging them.

21. The two check valves are used

(1) to prevent refrigerant from
by-passing the automatic expan-

sion valve and to permit by-pass-

ing the thermostatic expansion

valve.

22. The current requirements for

the larger motors is too much
for the small accurate contacts

of the standard motor control.

23. The separator is insulated to

prevent condensation of refrig-

erant in it.

24. The return refrigerant is heated

to prevent slugs of liquid refrig-

erant from reaching the com-
pressor and damaging it.

25. The electric water valve.

26. To control the amount of make-
up water needed to replace the

water evaporated.

27. No, because it never frosts and
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if it did, it would defrost each

cycle.

28. The surge tank is a gas storage

cylinder and it increases the

cycling intervals of a system.

29. A sweet water bath isabeverage

cooling device using tap water as

a brine.

30. The vibration dampers are in-

stalled in both the suction and

liquid lines as near to the con-

densing unit as possible. They

are used to reduce noise from

vibration.

20-57. ANSWERS TO REVIEW
QUESTIONS

1. Code installations require relief

valves be installed in liquid re-

ceivers because it is believed

that this construction will pre-

vent accidents and explosions.

2. Hand valves are provided in the

refrigerant lines leading to each

individual coil to facilitate serv-

icing and to permit disconnecting

that coil in case of accident.

3. It is recommended that tubing be

run parallel with beams rather

than across them to give addi-

tional protection.

4. It is absolutely necessary to
'

mount a float valve level in order

to permit the float to operate

correctly. If not in a level posi-

tion, the float will be out of cali-

bration and cannot function pro-

perly.

5 Two-temperature valves are

usually located on the manifold

wall boards.

6 Soft tubing may be used near the

condensing unit and near the

cooling coil. It is not to exceed

six (6) feet in length.

7 After assembling a dry multiple

coil system, it is necessary to

remove the air and other foreign

substances within the coils and

737

the lines. To do this, one should

close all the hand valves except

the liquid line hand valve for one

coil. The suction line of this

same coil should be left loose at

the hand valve and the liquid

receiver valve cracked. The

surge of a small quantity of the

gas will force the air out of this

loose connection and after one

detects the odor of the refrig-

erant, the joint is tightened and

the valves closed. Repeat this

for each coil until all the coils

have been purged. This will re-

move all the air from the in-

stallation except from the main

suction line. This main suction

line may now be purged by leav-

ing the connection at the com-

pressor loose and purging the

gas through one of the coils

down the suction line and out of

the loose connection. With all

connections tight and all the hand

valves open and with the liquid

receiver valve shut a vacuum

should now be drawn on the

installed part of the system. The

gas evacuated is discharged out

the compressor discharge serv-

ice valve, it being turned all the

way in. If the gas is irritant,

a neutralizer will have to b.

here to eliminate the annoying

odor. The machine may now be

started, opening one coil

time and allowing 15 minutes

between each coil to reduci

starting load on the condensing

unit.

8 Under normal conditions it is

'

necessary to put a dehydmtor in

the system because all the

installed have been exposal to the

air which means they must be

dehydrat.-<1 thoroughly.

9. The purpose of

the suction line Ls to po

insure that no m
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the compressor.
10. Hard drawn copper tubing and

streamlined fittings are becom-
ing popular because of the rapid-

ity with which they may be in-

stalled and because tubing of this

type may be obtained in sizes

much larger than is obtainable

in the soft copper.

11. The indication of a lack of re-
frigerant in a multiple low side

float system is a continuous

hissing sound in the most re-

mote coil along with a relatively

warm liquid inlet connection.

12. The troubles which may result in

a coil frosting excessively at the

valve but being dry at the other

extreme are: (1) Partially clog-

ged screen; (2) lack of refriger-

ant in a thermostatic element if

it is a fairly warm coil; (3) power
bulb located too close to the

coil; (4) moisture on the bellows.

13. (1) By using a rubber seal, (2) by
using a drilled frost-proof unit,

(3) by shellacking the joint be-
tween the nut and the tubing.

14. The open drain is to prevent

water being syphoned back into

the fresh water lines in case of a

sudden pressure change.

15. If a multiple system is running
under a 5 in. vacuum the system
must be stopped to permit the

low side pressure to build up to

psi before a coil can be re-
moved from the system. That is,

(1) remove the refrigerant from
that system to be opened by
closing the liquid line valve; (2)

permit the compressor to run
until that part of the system
becomes warm, indicating that

all the refrigerant has been re-
moved; (3) stop the compressor
for a few minutes until the com-
pressor pressure reaches psi;

(4) shut off the suction line valve

which controls that part of the

svstem to be ODened.
16. Service men should follow a

practice whereby the upright

charging cylinder is fastened to

the suction service valve in the

system and then very carefully

heated to drive the gas from it

into the system.
17. The four most important safety

precautions to be observed when
charging a system through the

low side are: (1) Be very sure
that the flares on the charging
tubing are in excellent condition.

(2) Do not heat the service drum
any warmer than is comfortable
to the hand. (3) Mount the re-

frigerant drum securely thereby
eliminating any accidental twist

or sudden strain on the charging
tubing. (4) Wear goggles.

18. Flange fittings soldered to the

tube and to the coil is an ex-

cellent method of making con-
nections inside a cabinet. This

practice permits an easily dis-

mantled connection and it is

frost-proof. Either paper or lead

gaskets may be used between the

two flanges while Monel or heavy
cadmium plated bolts must be
used to fasten the flange should-

ers together.

19. The purpose of felts and fine

mesh screens in a dehydrator is

to insure that none of the moist-
ure absorbing substance will cir-

culate through the system and to

trap any solid particles that may
be circulating in the system.

20. The system should be very care-
fully checked for leaks if a lack

of refrigerant is discovered, be-

cause under normal conditions it

takes 5 to 10 years before the

refrigerant can leak out the small
undetected crevices. It is a waste

of refrigerant and of time to

simply charge the system with
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refrigerant. A conscientious

service man will spend time
required to locate leaks.

21. A dehydrator removes.moisture
while a neutralizer reduces the

acidity of the refrigerant.

22. (1) Not to buckle it. (2) To pro-
vide for adequate oil return to

the compressor.
23. If left in an open container it will

soon become saturated with

moisture and be useless.

24. Small quantities of methanol al-

cohol.

25. (1) Poor motor control. (2) Lack
of water. (3) Air in the system.

21-59. ANSWERS TO REVIEW
QUESTIONS

1. A Btu is the amount of heat re-

quired to change the temperature
of 1 pound of water 1 F.

2. 2 545.6 Btu per hour equals 1 H.P.

3. Sensible heat is heat which

causes a change of temperature.

4. Latent heat causes a change of

state.

5. Specific heat of a substance is

the heat required to change the

temperature of 1 pound of that

substance 1 F.

6. The use to which the cabinet is

put determines to a considerable

extent the usage heat load.

7. This is a common calculating

basis, easy to measure, and ex-

periments point to it as the most

accurate surface to use.

8. To promote air circulation in a

cabinet.

9. To prevent a heat transfer from

the cold air coming from the

coils to the warm air going to the

coils.

10. Spruce or fir wood.

11. To give adequate refrigeration

during rush periods.

12. The ice pressure would burst

the container.

13. .45 Btu per pound.

14. At F.

15. 6 pounds per gallon.

16. The temperature of the gas be-
comes 10 F. to 12 F. warmer
than the refrigerant temperature
in the coil.

17. The effective latent heat is the

actual amount of heat removed
from the cabinet for each pound

of refrigerant evaporated, while

latent heat is the total amount of

heat absorbed by the refrigerant

but part of which is used to cool

its own liquid down to the evapor-

ating temperature.

18. The addition of heat due to com-
pression.

19. Because all energy units an-

mutually convertible. The mech-
anical energy of the motor pro-

duces heat energy.

20. Volumetric efficiency is the

amount of gas actually pumped
per revolution of the compressor
divided by the piston displace-

ment of the compressor. It is

effected by the speed, the

design, the piston clearance, the

head clearance, the compression

ratio, etc.

21. The size of unit, the compact:

desired, the kind of unit, the

locality, etc.

22. Motor efficiency is the ratio of

the mechanical power output to

the electrical power input and it

varies between 50 per cent and

90 per cent depending on the size

of the motor.

23. (1) Heat travels from th«' fo

the air with difl

(2) Heat travels from th<- I

the coil with difl

(3) Heat travels through th-

metal very efffc lei I

(4) Heat travels through th

film v 11

(5) H<at tr I

: rl K"

.•r;int with 8 I
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22-30. ANSWERS TO REVIEW
QUESTIONS

1. The first scientific air condition-

ing machine was installed in

1901.

2. Dr. Willis Carrier is known as

the "father" of air conditioning.

3. A complete air conditioning sys-

tem must control the tempera-

ture, the humidity, the air clean-

liness, and the air movement.

4. Air conditioning is as important

in many industrial processes as

it is for human comfort.

5. The atmosphere is composed of

nitrogen, oxygen, monatomic

gases, carbon dioxide, hydrogen,

water vapor and impurities.

6. Water exists in the invisible

water vapor (gas) form.

7. Fog is condensed water vapor in

the air. It exists as extremely

small droplets of water.

8. A grain is a unit of weight.

7000 grains equal one pound.

9. A micron is 1/1000 of a milli-

meter or 1/2 5400 of an inch.

10. One should know the dry bulb

temperature and the wet bulb

temperature.

11. Psychrometry is the science of

air mixtures.

12. A rapid air movement causes a

feeling of lower temperatures

and no air movement causes a

feeling of stuffiness.

13. The boiling temperature of water

at 1 in. hg. is 79 F.

14. Moisture may be removed from
the air by condensation or by

chemcial absorption (silica gel).

15. As the air temperature decreas-

es, it is able to absorb less and

less moisture (at lower tem-
peratures, the vapor pressure

decreases).

16. A psychrometer should be used

with clean water, a white wick,

considerable air velocity and

with a minimum of radiation

sources.

17. The values that are constant

along the horizontal line of a

psychrometric chart are (1) va-

por pressure (2) grains of moist-

ure (3) dew point temperature.

18. Yes, the air contains watervapor

at temperatures below 32 F.

19. If a certain sample of air is

heated, the relative humidity de-

creases. At the average tem-
peratures, the relative humidity

will decrease by one half for each

20 F. rise in temperature.

20. Most people are comfortable in

the summer while in air move-
ment of 20 ft./min. and between

72 F. db -- 100% rh and 85 F.

db and 10% rh.

21. Air ducts are used to deliver

conditioned air, to return air to

the conditioner, and to feed fresh

air to the conditioner.

22. The purpose of a grille is to

prevent articles being put in the

ducts and to control the air flow

at the duct openings.

23. Dust particles vary in size fromi
.1 to as large as 100 microns

in diameter.

24. Fumes are solids that are form-
ed by solidification of vapors

injected into the atmosphere.

25. A vapor is a gas near its lique-

fication temperature and pres-

sure or in the presence of its

liquid. A gas is considerably

above its liquefication tempera-
ture and pressure condition

(superheated).

26. Oil removes impurities from air

by adhering to the solid particles

as they come in contact with the

oil covered fibers.

27. Ultra-violet rays have the ability

to destroy micro-organisms
(bacteria) in the air.

28. A cooling coil cleans the air

because the moisture condensed
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on it removes dirt particles

* from the air as the air passes

over the coil.

29. Organic gases are absorbed by

the activated charcoal',!

30. Electricity is used to ionize the

space in an air duct and the

ionized particles are attracted

to plates of opposite polarity

thus cleaning the air.

23-25. ANSWERS TO REVIEW
QUESTIONS

1. Air does have weight. It weighs

approximately .074 lbs. cu. ft. at

70 F.

2. The specific heat of air varies.

It is .24 Btu/lbs. under normal

conditions.

3. Air is used to heat, to cool, and

to ventilate.

4. Moving air causes vibrations;

some of these vibrations can be

heard, especially if the air does

not flow smoothly.

5. It must move more than 2 5 feet

per minute.

6. The circular duct carries more

air per amount of duct material

used.

7. The axial flow and the radial

flow fans.

8. A pressure difference produces

an air flow.

9. The air has weight, and it takes

extra energy to make it change

direction.

10. The air flow is improved by

using vanes.

11. To insure that each outlet re-

ceives its correct amount of air.

12. The pressures are so small that

bourdon tube gauges and mer-

cury filled manometers are not

accurate enough.

13. A differential manometer meas-

ures the difference between two

varying pressures.

14. The velocity pressure is the

difference between the total

pressure and the static pressure.

15. Several readings must be taken

in carefully selected places in a

duct to obtain an accurate aver-

age velocity.

16. Air turbulence is air moving in a

direction different from the

direction it is being directed.

17. Air stratification is when air is

not moving and assumes differ-

ent levels based on its tempera-

ture (density).

18. Ducts may be made of tinned

sheet metal, galvanized sheet

metal, sound absorbing non-

metallic material and wood.

19. If the resistance to air flow is

equal to each outlet, each outlet

will receive its proper amount

of air.

20. Air noise can be reduced by

reducing air velocities, by using

smoother ducts, by using sound

absorbent material, by insulating

the duct from any part of the

building, and by placing a flexible

coupling or section in the

especially near the machine rv.

24-20. ANSWERS TO REVIEW
QUESTIONS

1. The main parts of the heating

load are heat leakage and infil-

tration.

2. The main sources of heatarethe

heat leakage, the infiltration, the

sun load, and heat from o

and appliances.

3 The variables ir<

'

perature difference, the U U

and the time

4 The window dimension!
'

chosen as th

opening In the wall, nol (uattha

glass ai

5 No I

'

temperal

enough to mafc P™
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necessary, and also the equip-

ment has sufficient reserve to

handle this extra load for the

short time it occurs.

6. They are considered part of the

room.

7. The temperature is usually as-

sumed to be half way between the

design ambient and indoor tem-
perature.

8. Infiltration is air that leaks into

a building and exfiltration is air

that leaks out.

9. The positive pressure method is

to use a separate fresh air in-

take, condition this air, and free

the air into the house. There-
fore, air will leak out through the

cracks in the house.

10. The east, south, and west walls

only are effected by the sun.

11. The sun's heat is usually taken

into consideration by adding 1 5 F.

to the design temperature.

12. No, the heat from the sun pen-

etrates the windows immediat-
ely, but there is a 3 hour time
lag for the heat to get through
the wall.

13. Heat lag in a building is that time

it takes to heat the structure of

the building.

14. The insulating ability of one

sheet of aluminum is poor on

conductivity, poor on convection,

fair on radiation. However,
several layers of aluminum foil

give excellent results on one

layer of aluminum and some bulk

insulating material.

15. An air film is a very thin layer

of stale air that clings to all

surfaces. This air film allows

about 1.16 Btu/F/hr/ sq.ft. /hr.

25-27. ANSWERS TO REVIEW
QUESTIONS

1. Three types of air conditioning

plants are the complete system
located remotely with ducts used

to deliver the air; the system
with the mechanism located in

the basement and the coils locat-

ed in a cabinet in the room; and
the self-contained unit.

2. Remote units use the thermo-
static expansion valve while the

self-contained units use the cap-
illary tube.

3. Solenoid valves are used to stop

the flow of refrigerant mainly
to prevent flooding and frosting

conditions.

4. The most economical way to use

electricity is to use a heat pump.
5. A by-pass system conditions

some of the air recirculated

while some of it is unheated.

The two are then mixed and

delivered to the room.

6. The four most common sources

of energy are coal, oil, gas and

electricity.

7. The heating value of bituminous

coal is approximately 14000 Btu/

pd.

8. The three types of oil burners

are the pot type, the rotary type,

and the gun type.

9. The main advantage of gas as a

fuel is that it is already a gas

and it contains very few non-

combustible solids.

10. The stack temperature must be

kept at 300 F. or higher to pre-

vent contaminant condensation.

11. The air as it leaves the cooling

coil has 100% humidity.

12. Yes, chemicals can be used to

absorb moisture from the air;

calcium chloride, silica gel, and/

or activated aluminum.

13. The condensate is drained to the

condenser and motor-compres-

sor and helps cool them.

14. Outside air is brought into the

unit by means of a duct.

15. A bi-metal thermostat is an

electrical switch operated by a
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double metal strip that moves as
the temperature changes.

26-18. ANSWERS TO REVIEW
QUESTIONS

1. The condenser.

2. Lord Kelvin.

3. Two; the condenser and the cool-
ing coil.

4. By evaporating the refrigerant in

the outdoor coil at -10 F. or
-20 F.

5. The heating cycle and the cooling

cycle.

6. When the outdoor temperature
and the indoor desired tempera-
ture are close together.

7. The ratio of the electrical energy

imprint (heat of compression) to

the heat picked up or discharged

by the heat transfer units.

It is three to six times more
expensive to heat with electrical

resistors.

3410 Btu/hr.

The air coils become very in-

efficient at low temperatures.

The well coil involves consider-

able just cost. The ground coil

cost is high. The lake coil is

limited in its accessability.

There are four; the air coil, the

well coil, the ground coil and the

lake coil.

A forced convection finned coil.

An air coil with any one of the

other three.

The capillary tube works equally

well when the refrigerant flow is

reversed through it.

The three way valve can direct

the refrigerant flow to either the

indoor coil or outdoor coil. Also

it can direct the flow from either

the inside coil or outside coil to

the compressor.

27-20. ANSWERS TO REVIEW
QUESTIONS

1. The heat load increases.

8

9.

10.

11.

12.

13.

14.

15

2. They are driven by V-belts.
3. The condenser is mounted just in

front of the car radiator.

4. Silver brazed joints are used
except where servicing may re-
quire disconnecting, and at these
places the standard flare connec-
tion is used.

5. Yes, they all have provisions for

installing gauges.

6. A D.C. motor is used.

7. The air distribution is difficult

because of the low ceiling and
seat obstructions.

8. Yes, they are provided with a

fresh air intake.

9. About five to eight tons.

10. Average 2 to 3 H.P. As much as

8 H.P. under the most severe

conditions.

11. Rapid changes in compressor
speed may cause liquid refriger-

ant slugging.

12. On remote units both the auto-

matic expansion valve and the

thermostatic expansion valve

have been used.

13. The cooling coil is usually

mounted just back of the back

seat, or under the instrument

panel.

14. The maze-type, oil washed, dis-

posable filter is usually used.

15. They operate at a higher speed

than the engine to insure more

capacity at engine idling speeds.

28-52. ANSWERS TO REVIEW
QUESTIONS

1. The frozen proces- th<

food at its maximum I

aroma, and text

2. In Springfield, Mass., 1930, Ihfl

Birdseye Company wm tht I

to : food din - the

consumer.

>,. Enz) i lea »re t»

spoilage as th'

ac< l •
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4. One of the most popular modern
insulations is spun glass orFib-
erglas.

5. The steps used to prepare vege-

tables for freezing are:

a. Clean and trim.

b. Blanche in boiling water.

c. Cool.

d. Package in moisture-proof

material.

e. Freeze as quickly as pos-

sible.

6. Hermetic insulation is insulation

sealed against moisture and air.

7. The two most common frozen

foods cabinet refrigerant con-
trols are the capillary tube and
the thermostatic expansion
valve.

8. A frozen foods cabinet should be
defrosted about each six (6)

months.

9. Most 6 cubic foot volume frozen

foods cabinets use a hermetic
condensing unit.

10. Freezer burn is caused by de-
hydration of the surface of un-
sealed frozen foods and by oxida-

tion of the food.

11. Beef may be safely stored for 6

months at F.

12. The best temperature range for

frozen foods cabinets is F. to

-10 F.

13. Most frozen food cabinets use a

thermostatic motor control.

14. It is essential to allow free air

circulation around a frozen foods

cabinet to allow proper cooling of

the condensing unit.

15. Ice accumulation in the insulation

is probably the most serious as

it will ruin the cabinet in addition

to causing poor frozen foods

temperatures.

16. All oils have a quantity of wax
in them, and the extremely low

temperature encountered in a

frozen foods unit sometimes
causes a slow separation of the

wax out of the oil.

17. Moisture may get into a re-

frigerating system from moist-

ure laden refrigerant, from
moisture laden oil, from care-

less service procedures allowing

moisture laden air into the sys-

tem, and finally, a leak in the

system when that part is operat-

ing at below atmospheric pres-

sure.

18. Moisture is easily and very thor-

oughly removed from a system

by using a good, adequately sized

dehydrator.

19. External service jobs may be

done on a hermetic system on

the premises, i.e., replacing the

motor control, the relay, the fan

motor, etc., but any internal

troubles must be remedied in a

thoroughly equipped overhaul

shop.
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Abrasives, 53

Absolute Humidity, 566.

Absolute Pressures, 16

Temperatures, 19

Absolute Scales, 16, 19

Absolute Zero, 19

Absorption
Generator, 316

Mechanism, 318

Absorption Cycle, 319

Air Conditioning, 624

Continuous, 337

Intermittent, 321

Liquid Absorbent, 318

Operation of, 316

Refrigeration, 316

Servicing, 335

Solid Absorbent, 318

Valves, 338

Water Chilling, 624

Absorption Mechanism
Servicing, 335

Absorption Refrigerators

Installing, 241

Absorption System, 316, 318,

337, 624
Chemicals, 317

Construction, 334

Controls, 338

Troubles, 345

Acetylene-air Soldering, 299

Acid
Conditions in System, 500

Dip Bath, 312, 693

Activated Alumina, 394

Activated Carbon, 408

Adding Oil to System, 286, 380

Adiabatic Compression, 544

Adjustable Wrench, 44

Adjusting
Expansion Valves, 110

Motor Control, 131

Pressure Motor Control with

Vacuum Pump and Compound

Gauge, 509

Water Valves, 492

Adjustments
Differential, 131

Motoi Controls, 80, 131, 452

Motors, Electric, 131

Range, 131

Refrigerant Controls, 110,124

Air
Changes, 580

Circulation, 585

Cleaning, 574, 616

Compressor, 297

Conditioners, 605, 620

Cooling, 530

Distribution, 529

Ducts, 574

Filtering, 574

Flow, 584

Heat in, 579

In System, 478, 545

Leakage, 602

Moisture Determination in, 563

Movement, 573

Noise, 581

Properties of, 560, 579

Psychrometric Properties of, 563

Purification, 574

Removing from, 480

Commerical Unit, 473

Condenser, 284

Domestic Unit, 285

Dry System, 480

Flooded, 478

Line, 478

Multiple System, 480

Standard Conditions of, 560, 579

Stratification of, 582

Temperatures, 562

Volumes for Heating, 583

Weight of, 579

Air Conditioning, 579

Absorption Unit, 624

Automobile, 649

Bus, 662

Central Plant, 617

Comfort Coolers, 620

Controls, 607, 626

Cooling Units, 617

Definition of, 560

Dehumidifiers, 616

Equipment, 607

Fans, 589

Heat Loads, 596

Heating Equipment, 608

History, 559

Humidifiers, 608

installation, 620

Instruments, 590

Insulation, 604

Plant Central, 517

Plant Remote, 619, 620

Principles, 559

Purpose of, 559

Refrigerant Controls, 631

Structures, 608

Systems, 607

Temperature, 562, 626

Temperature Control, 626

Thermostats, 627

Timers, 632

Unit, 621

Window, 623

Year Around, 617

Air -Cooled Condensers

Capacities, 551

Commerical, 436

Domestic, 73

Air-Cooled Absorption Unit, 318

Alarm Systems, 152, 673

Alcohol Brine, 51

Alcohol in Methyl

Chloride System, 393

Alignment
Belts, 162

Allen Set Screws.
nt

Character

Alumina. A

Ambient Temperatui

Ammeter, 184

Ammonia, 209

Analyzer Tube.

Propert J09
Testing I J09

Amperage Relay, 143

Amperes, 154

Anemometer, 593

Annealing Tubing, 36

Anology, Water, 147

Answers to Questions.

Apparatus, Charging, 300

Distilling Refr 10

Evacuating, 301

Appliance Truck, 382

Application of Latent Heat, 542

Arbor Press.

Area
Cabinet, 517

Room, 600

Units, 13

Armature
Electric Motor, 158, 170

Aspirating Psychrometer, 567

Assembling a Hermet
Assembling a Refrigerating

Unit, 278

Assembly Devices. 59, 235

Atmospheric Pressure, 16

Attachment, Ser . 386

Attic Fans, 604

Automatic Controls

Air Conditioning, 626

Defrosting, 138

Expansion 244

Motor, 153

Refrigerant, 103

Automobile

Air Conditioning. 649

Comfort Cooling

Servicing, 663
• •ms, 654

Axial Flow, 589
B

pressure)

Cor >28

Design.

Baron

|
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Motors, Electric, 90

Sizes, 162

Tension, 162

Vee, 90, 162

Bending Springs, 37

Tools, 37

Tubing, 37

Beverage Coolers, 417, 449
Brine, 449

Capacities, 536

Pressure, 450
Sweet Water, 449

Blade, Compressor, 98

Blocks, Lapping, 300

Board, Charging, 302

Bodies, Truck, 423

Boiling

Temperature, 22

Bolts, 59

Bottle Coolers, 417

Bourdon Tube, 48

Box Wrench, 44

Boxes, Refrigerator

(see Cabinets)

Boyle's Law, 17

Brazing Joint, Cleaning, 43

Brazing, Silver, 40

Breaker Strip, 383

Brine, 51

Alcohol, 51

Calcium Chloride, 51

Composition, 52

Freezing Temperatures, 720

British Thermal Units 20

Brushes
Cleaning, 54

Motors, Electric, 166

BTU (see British Thermal Unit)

Buffer, 297

Burn, Freezer, 670

Burner, Kerosene, 336

Burner, Oil, 609
Burner, Servel, 342

Bus Air Conditioning, 662

Butane, 214, 662

Butter Conditioner, 235

By-Pass Systems, 654

c
Cabinets

Accessories, 235

Areas, 519

Care, 237, 337

Chest Type, 670

Classification, 222
Commercial, 404

Construction, 226, 404

Design, 349, 523

Display, 409
Domestic Refrigerator, 221

Door Construction, 228

Finishes, 237

Florist, 408

Freezer, 413

Frozen Food, 413, 667, 670

Gaskets, 232
Grocery, 405

Hardware, 229

Hermetic, 221

Ice Cream. 413

Leveling, 241

Reach-In, 405

Sizes,
r 222

Soda Fountain, 415

Temperature, 216

Truck, 423

Upright Frozen Food, 6 70

Volume, 519

Walk-In, 406
Calcium Sulphate, 394

Calculations

Air Conditioning, 605

Commercial, 513

Calibrate Gauges, 48

Capacitor
Design, 171, 182

Effect, 171

Motor, 171, 181

Motor Servicing, 180

Ratings, 688

Servicing, 182

Start Capacitor Run Motor, 172

Start, Motor, 171, 690

Testing, 180, 683

Type Motor, 171

Capacity
Compressor, 522, 546

Condenser, 551

Condensing Unit, 539

Cooling Coil, 530

Domestic Refrigerators, 222

Liquid Lines, 554

Motor, 166, 176^ 550

Orifice, 555

Suction Lines, 555

Valves, 116

Capillary Tube, 78, 124

Adjustable, 392

Capacities, 125

Controls, 714

Designs, 125

Fittings, 125

Principles of, 124

Servicing, 392

Systems, 253

Car, Air Conditioning, 649

Car, Railway, Refrigerated, 425

Car, Refrigeration Cycle, 651
Carbon Dioxide

Properties of, 196

Solidified, 28

Carbon Filter, 408

Carbon Tetrachloride
Cleaning, 53

Care of

Belts, 162

Cabinets, 237, 337

Gauges, 262

Oil, 49

Refrigerant Cylinders, 50

Refrigerators, 237
Service Valves, 81, 263, 285

Carrene #1 & #2, 205

Cascade Systems, 428

Cases (see Cabinets)

Display, 409, 411

End Bunker, 410

Overhead Bunker, 410
Rear Bunker, 409

Center, Magnetic, 189

Centigrade Temperature
Scale, 15, 19

Central Air Conditioning

Plant, 617

Centrifugal Compressor, 73, 101

Centrifugal Fans, 589

Changing Refrigerants, 218

Characteristics

Refrigerants, 193

Technical, 683

Charge of Refrigerant,

Checking, 219

Charging a System
Apparatus, 300
Commercial, 495

Domestic, 283

Hermetic, 380, 399

Charging Board, 302, 399

Charging Refrigerant

Apparatus, 300

Lines, 261

Charles' Law, 20

Charts, Comfort, 572

Psychrometric, 568

Check Valves
Commercial, 461

Domestic, 126

Servicing, 392

Checking
Compressor, 270

Leaks, 270, 281

Oil Charge, 286

Refrigerant Charge, 493

Chemicals, Absorption
Systems, 317

Dryers, 394

Chilling Units (see Cooling
Coils)

Chisels, Cold, 55

Chlorotrifluoromothane, 200

Choke Tube, 78

Circuit Troubles, Water, 489

Circuits, Electrical, 141, 155

Circulation of Air, 585

Cleaning, 52

Air, 574
Bath, 52, 312

Cabinets, 239

Carbon Tetrachloride, 53

Compressor, 312

Condenser Parts, 312

Filters, 575

Hermetic Unit, 376

Ice Trays, 240

Lacquers, 240

Metal, 691

Methods, 52, 691

Motors, 161

Parts, 287

Porcelain, 239

Refrigeratois, 52, 239

Screens, 499
Steam, 52

Clearance in Compressors, 85

Clocks, Defrosting, 138

Clogged Screens, Servicing, 499

Clutch, Magnetic, 656

Coal Furnaces, 608
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720

Code Installations

Multiple, 481

Testing, 485

Code, National Safety, 700

Coefficient of Conductivity,

Coils

Automobile, 659

Commercial, 441

Condensing, 436

Cooling, 441

Dry, 502

Domestic, 73, 225

Evaporating, 94

Flooded System, 79, 119,.450

504

Forced Circulation, 535, 536

Grocery, 405

Heat Pump, 643

Hermetic, 356

Mounting, 534

Non-Frosting, 442

Removing, 266

Walk -In, 406

Water-Cooling, 415, 449

Cold, 12

Cold Bath for Thermostatic
Controls, 308

Cold Chisels, 55

Cold Storage Temperatures,

216, 525

Colloids, 666

Column
Mercury, 15

Water, 15, 590

Comfort Charts,

Psychrometric, 569

Comfort Cooler
Console Type, 620

Window Unit, 623

Comfort Cooling, 617

Comfort Controls, 629

Comfort Zone, 571

Commercial
Applications of Refrigeration,

401

Cabinets, 404

Calculations, 513

Charging, 495

Compressor, 435

Compressor Control, 452

Condenser, 436

Condensing Units, Servicing, 487

Cooling Units, 441

Defrost Systems, 444

Dryers, 500

Equipment, Installation of, 473

Heat Loads, 513

Hermetic Systems, 434

Hibtory, 401

Installations, 473

Insulation 515, 720

Liquid Receivers, 75, 275

Low Pressure Control, 452

Mechanical Cycle, 435

Mechanisms, 435

Motor Controls, 452

Motors, 508

Refrigerant Controls, 451

Refrigeration, 401

Refrigerators, 404

Scope of Commerical
Refrigeration, 402

Servicing, 473, 486

Systems, 429

Commercial Controls, 452
Commercial System

Charging, 495

Discharging, 497

Moisture in, 499

Servicing, 486

Common Refrigerants, 193

Commutator, 165

Composition of Brine, 51, 720

Compound
Gauge, 15, 47

Lapping, 269

Compression
Adiabatic, 544

Compression Cycle
(System) 26, 65, 67, 243

Operation of, 26, 65

Parts of, 66, 67

Typical System, 26, 65, 243

Compression Gauge, 15, 47

Compressor
Air, 297

Automobile, 657

Bearings, 90, 272

Capacities, 522, 546

Centrifugal, 73, 101

Checking, 269

Checking Leaks, 270

Cleaning, 312

Clearance, 85

Commercial, 435

Connecting Rods, 86

Construction, 83, 99

Cooling, 94

Crankshafts, 86

Cylinders, 85

Data, 68, 83

Dehydrating of, 306

Design for, 68, 83

Diaphragm Type, 73

Dismantling, 269

Dome, 395

Drives, 90

Efficiency, 83

Evacuating, 263

Frozen Food, 676

Gaskets, 89

Gear, 73

Heat Pump, 643

Hermetic, Reciprocating,

93, 353, 374, 434

Hermetic, Repairing, 375

Hermetic, Rotary, 100

Located above the Coil, 250

Low Side Pressure Control

Valve, 463

Lubrication, 90, 100

Noisy, 269, 292

Oil, 49

Overhauling, 269

Performance, 539

Pistons, 85

Purpose of, 83

Reciprocating, 68, 84

Removing, 263

Repairing Conventional, 269

Repairing Hermetii , 390
Rotary, 71, 96, 100

Seal, 88, 99, 270

Servicing, 263, 487

Stand, 304

Testing Commercial, 269,487
Testing Domestic, 269,271
Types of, 68, 83

Valves, 87, 99

Volumetric Efficiency, 84, 549

Wobble Plate, 658

Condensation. Pressure of,

67, 217

Condenser
Air-Cooled, 73, 436, 551

Automobile, 659

Baudelot, 552

Capacity of Air -Cooled, 74, 551

Capacity of Water-Cooled, 551

Cleaning, 489

Combination, 438

Commercial
Air-Cooled, 436

Water-Cooled,

Construction, 436

Design of, 73

Domestic, 73

Evaporative, 440

Fan, 470

Frozen Food Unit, 678

Hermetic, 354

Plate, 74

Removing, 267

Repairing, 275

Servicing

Commercial, 488

Domestic, 267

Shell Type, 437

Static, 74

Tube-Within a Tube, 438

Types of, 73

Valves, 271

U .iter -Cooled,

Condensing
Pressure, 545

Ten ;

Unit

.

,lling, 222, *-<*. 482

222

•
486

.
720

I

,r. 8fl

I
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Console Type Comfort
Cooler, 620

Constant Gas, 20

Constrictor, Tubing, 64

Construction

Baffle, 528

Commercial Cabinets, 404

Condenser, 436

Cylinder Refrigerant, 50

Dry System, 76

Float Valves, 79, 119

Freezer Cabinets, 413, 667

Frozen Food Cabinets, 413, 667

Motor, 159

Railway Car, 425

Service Valve, 81, 263, 285

Consumption, Water, 492

Continuous Cycle, 326

Contracting, Service, 511

Controls
Absorption, 338

Air -Conditioning, 607, 626

Automatic, 103, 129

Capillary Tube, 76, 124

Comfort Cooling, 629

Commercial, 451

Dual, 455

Expansion Valve, 76

Float

High Pressure, 76, 122

Low Pressure, 1, 19, 76

Troubles, 277

Flooded System, 119

Frozen Foods, 673

Furnace, 628

Gas, 338

Hermetic, 353

High Pressure, 452

Humidity, 630

Low Pressure, 452

Motor, 80, 129, 452

Pressure, 133, 452

Refrigerant, 76, 103, 451, 631

Safety, 454

Tester, 308

Temperature, 80, 159, 452

Thermostatic, 134

Thermostatic Expansion

Valve, 76

Two Temperature Valve, 457

Water Valves, 465

Convection, 25

Convection of Heat, 25

Conventional Systems
Commercial, 473, 486

Domestic, 257

Locating Trouble, 28 7

Servicing, 257

Types, 243

Conversion Factors

Energy, 20

Temperature, 19

Coolers
Beverage, 417, 449

Bottle, 417

Comfort, 620
Market, 406

Milk, 420

Unit, 620
Walk-In, 406

Water, 415
Cooling
Compression System, 94

Cycle, 571

Heat Pump, 636

Loads, 598

Tower, 439
Cooling Coils

Area, 531

Air Conditioning, 617

Beverage, 417

Capacities, 523, 530, 536

Commercial, 441

Connections, 535

Construction, 75, 225, 243, 349

Defrosting, 441, 444, 532

Design, 531, 672

Direct Expansion, 75

Dismantling, 264

Domestic, 225

Dry, 76

Evacuating, 264, 297

Fins, 408, 530

Flooded, 79, 119

Forced Circulation, 443, 535

Freezer, 676

Frosting, 441, 532

Frozen Food, 6 76

Hermetic, 356

Immersed, 449

Installing, 279, 475

Liner Type, 356, 676

Liquid Cooling, 449, 536

Location of, 225, 243

Milk, 420

Mounting. 534
Non-Code Installation, 473

Non-Frosting, 442, 533

Overhauling, 275

Plate Type, 356, 676

Removing, 264

Repairing, 275

Servicing, 275

Submerged, 417

Tank Type, 417

Types, 75, 530
Cooling Equipment for Air

Conditioners, 615

Cooling Tower, 439, 625

Cooling Unit (see Cooling Coils)

Copper Pipe, 31

Tubing, 31

Crankshaft, 70, 86, 99

Crankthrow Type, 70, 86

Eccentric Type, 70, 86

Scotch Yoke Type, 70, 86

Crankshaft Seal, 71, 88

Critical Temperatures, 28

Crispers, 235

Cryogenics, 30

Crystals, Ice, 418

Current
Alternating, 156

Consumption, 185

Direct, 156

Electric, 156

Relay, 143

Curves, 217

Cutter, Tubing, 34

Cycles
Air Conditioning, 570

Automobile Air Conditioning,

654

Absorption, 327

Commercial Mechanical,
429, 431

Compression, 26, 65

Continuous, 327

Cooling, 571

Electric, 156

Frozen Food Units, 6 79

Heating, 571

Hermetic, 349

Intermittent, 327

Refrigerating for Automobile,

651

Reverse, 638

Secondary Refrigeration, 351

Servel, 327

Short, 292

Cylinder, Compressor, 85, 98

Cylinder Displacement, 85

Cylinders, Refrigerant, 50, 300

Dairy Cases, 410

Dalton's Law, 17

Data
Compressor, 68, 83

Motor, 175

Sheet, Installation, 518

D.C. (see Direct Current)

Defrost Systems
Clocks, 138

Commercial, 444

Domestic, 135, 238, 367

Electric, 372, 447

Hermetic, 137, 365

Hot Gas, 137, 366, 369, 444

Reverse Cycle, 448

Servel, 345

Timers, 138, 456

Warm Air, 449

Water, 448

Defrosting
Automatic, 238

Clocks, 138

Controls, 135, 136, 138

Cooling Coils, 444, 532

Frozen Food Units, 674

Warm Air, 449

Switch, 135

Degrees
Absolute, 15

Centigrade, 15

Fahrenheit, 15

Dehumidifiers, 617

Dehydration, 306

Dehydration
Fittings, 306

Tubing, 36

Dehydrators, 500

Dehumidifying, 616

Density, 16

Deodorizers, 236

748



INDkX

Depression, Wet Bulb, 564
Desiccants, 394, 500

Design, Baffle, 523

Cabinet, 349, 523

Compressors, 68, 83^

Condensers, 73

Motors, 159

Detector, Leak, 282

Devices, Fastening, 59, 235

Dew Point, 564
Diagnosing Troubles, 287, 379
Diaphragm, Expansion Valve, 106

Dichlorodifluoromethane
(Freon 12)

Characteristics of, 119

Dichloromonofluormethane
(Thermon), 200

Di chlorotetrafluoromethane
(F-114), 204, 207

Die, Threading, 62

Differential, 133

Thermostatic Expansion

Valve, 120

Types of. 131, 133
Dimensions, 13

Dimensions, Cylinder, 50

Direct Current, 156

Direct Current Motors, 174

Direct Expansion System, 77, 103

Discharge Valves, 87, 271

Discharging Refrigerant

Commercial System, 487

Domestic System, 263

Discomfort Index, 578

Dismantling
Cooling Unit, 266, 502

Compressor, 269

General Instructions, 263

Hermetic Units, 384

Refrigerating System,

257, 375, 473

Dispenser, Oil, 310

Displacement Compressor, 83, 546

Display Case, 409

Dairy Products, 411

Frozen Foods, 421

Open, 411

Overhead Bunker, 410

Rear Bunker, 409

Distilling Apparatus, 310

Domestic Cabinets, 221

Domestic Refrigeration

History, 11

Refrigerator Humidity, 356

Refrigerator Temperature, 216

Domestic System
Absorption, 316

Charging, 283

Compression, 243

Compressors, 348

Condensers, 354

Cooling Units, 225

Discharging, 263, 384

Motor Controls, 134

Refrigerant Controls, 103

Door Construction, 228

Gaskets, 232

Draft, 581

Draft, Indicator, 594

Drill, 58

Tap, 63

Twist, 58

Drives Compressor, Moto\ 90
Drop, Pressure, 554, 585
Drums, Refrigerant (see

Cylinders), 50, 300
Dry Bulb Temperature, 563
Dry Ice, 28

Dry System, 243

Dry System (see Domestic and
Commercial Refrigr;

Dry Tables, 393

Dryers, 393

Commercial, 500

Domestic, 393

Drying, Hermetic System, 396
Oven, 306

System, 500

Dryness, Determining, 717

Duct, 573, 618
Elbows, 589

Resistance, 585

Rectangular, 582

Round, 582

Sizes, 583

Volumes, 583

Dust, 561

E

Ebulators, 122

Eccentric Crankshaft, 70, 87

Effect of Pressure on

Boiling Temperature, 22

Effect of Room Temperature
on Refrigerator Capacity,

176, 186

Effective Latent Heat, 542

Effective Temperature, 572

Efficiency

Compressor, 83

Motor, 550

Volumetric, 84, 547

Electric

Circuits, 141, 155

Current, 156

Cycle, 156

Defrost, 372, 477

Heaters, 615

Supply, 163

Electric Motors

Applications, 153

Armatures, 170

Bearings, 168

Belts, 162

Brushes, 169

Calculations, 549

Capacitor, 171

Cleaning, 161

Commercial, 435

Commutator. 165

Connections,

Construction, 158

Design, 159

t Current, 174

Domestic, 158

Elementary. 158

nalTroubl

Fuses, 164

Governor, 171

. 176, 187

Horse P.

Induction,

Lubrication, 160

Operation of, 158

Overhauling, 167

Principles, 158

Protection, 190

142

Removing, 268

Repulsion Start -Inci..

Rotation,

Servicing, 167, 181

Split Phase, 175

Temperature, 171

Troubles, 167, 181

Troubles, External, 167, 181

Types, 153

Voltage Connections,

Wattage, 185

Electric Refrigerators

Domestic System)

Electr

.

Electric Wiring, 140

Electrical

Circuits, 141, 358

Connections, 237

Energy, 2'

Heaters, 615

System, Automo'

Troubles, 147, 378

Wiring, 359

Electr , 153

Electro -Magnets.

Electrolytic Condei

Electro Mo-

Electron, 153

Electron Flow,

Electronic 1

283, 492

Electrost.v

Elen- . 107, 135

Elemental sor

Refrigerator,

Absorption,

154

Enan
Energy, 18

.orsion Factors, 20

\ 18

., 18

Enthalpy, 30, 20
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263

264, 297

396

Welding, 298

Estimates, Service, 511

Ethyl Chloride
Properties of, 210

Evacuating
Compressor,
Cooling Coil,

Equipment, 297

Hermetic System,
Liquid Line, 497
Suction Line, 478

Evaporating
Pressures, 25

Temperatures, 25

Evaporation, 75

Evaporative Condenser, 719

Evaporator (see Cooling Coils)

Exchanger, Heat, 451

Expansion Valve
Automatic, 77, 103

Bellows Type, 105

Construction, 77, 103

Diaphragm Type, 106

Installation, 103

Noisy, 293

Operation of, 103

Pressure Controlled, 103

Pressure Limited, 113

Removing, 264
Repairing, 275

Servicing, 275

Systems, 244

Temperature Controlled,

77, 106, 117

Tester, 307
Thermostatic, 77, 106, 117

Extended Surfaces (Fins)

408, 530

282

99, 271

Hermetic, 393

Oil Saturated, 575

Water, 576

Filters and Strainers, 500

Finishes, Cabinet, 237, 240

Fins, 408, 530

Fish, Frozen, 667
Fittings

Capillary Tube, 125

Commercial, 483, 504
Flared, 35

Pipe, 63

Refacers, 46

Soldered, 37

Streamline, 37, 483

Tubing, 32

Flame Test for Leaks,
Flapper Valve, 71, 87,

Flare
Double Thickness
Making, 34

Nut, 33

Nut Wrench, 43

Single Thickness,
Testing, 35

Flaring Tool, 35

Tubing, 35

Float Control
High Pressure Side,

79, 122, 249, 392

Low Pressure Side,

79, 119, 120, 247

Tester, 307

Float Valves
Construction, 79, 119
Control Tester, 307
High Pressure, 79, 122, 392
Installing, 277
Low Pressure, 79

35

35

119

F-ll (Trichloromonofluoromethane) Operation of, 119

198

F-12 (Freon), 199

F-13, 200
F-21 (Thermon), 200
F-22, 201

F-113, 204

F-114, 204
F-114 (Dichlorotetrafluorome-

thane), 204
Fahrenheit Temperature Scale,

15, 19

Fan Motors, 188

Fans, 589, 662

Attic, 604
Axial Flow, 589
Radial Flow, 589

Fans for Air Conditioning

Systems, 589, 662

Faraday Experiment, 11, 330
Faraday, Michael, 11, 330

Fast Freezers (also see Frozen
Foods), 665

Fastening Devices, 59

Files, 55

Filters, 393

Air, 575
Automobile, 662
Carbon, 408, 576

Electrostatic, 577

Pan Type, 120
Removing, 265
Repair, 277
Servicing, 277
Systems, 24 7

Testing, 307
Flooded System

Coil, 79, 119

Control, 307

Multiple, 504
Removing Air from, 478
Servicing, 265, 504
Starting, 480

Florist Cabinets
Construction, 408
Installation, 408

Flow of Heat, 25
Flue, Servel, 337, 344
Flux, Magnetic, 156
Flux, Silver Brazing, 40
Flux, Soldering, 37

Flywheel Puller, 487
Food, Cold Preserves, 12
Food Freezing 668
Food Preservation Radiation, 700
Food Storage Data, 525
Foot Pounds, 18

Force, 18

Forced Circulation Cooling
Coils, 443, 535

Formate, Methyl, 212

Foundation, Motor, 160

Fountains, Soda, 414

Frame, Motor, 160

Freezer Alarms, 152, 673

Freezer Burn, 670

Freezers (see Frozen Foods)

Freezers, Fast, 665

Freezing of Foods, Industrial, 421

Freezing Plant, 422

Freezing Temperature Brine, 720

Freezol, 214

Freon (See Fll - F114)

Frosting Coils, 532

Frosting Suction Line

Cooling Coils, 291, 502

Frozen Foods
Alarms, 152, 673

Cabinets, 413, 667

Commercial, 421

Compressor, 676

Condenser, 678

Condensing Units, 676

Controls, 673

Cooling Coil Design, 672

Cycling, 672

Defrosting, 6 74

Fish, 667
Freezer Burn, 670

Fruits, 66 7

Hardware, 671

History of, 665

Ice Accumulation, 674

Industrial, 423

Insulation, 672

Locker Plants, 421

Meat, 669
Motors, 66 7

Motor Controls, 673

Poultry, 667

Preparation, 668

Receivers, 678

Refrigerants, 672

Refrigerant Controls, 672

Refrigerators, 665

Servicing, 680

Shutting Down, 680

Starting, 679

Storage Time, 669

Temperature, 668

Troubles, 680

Vegetables, 669

Frozen Food Cases, 665

Frozen Food Compartments
in Domestic Refrigerators, 221

Fuel Oil, 609

Fur Storage, 421

Furnaces
Coal, 608

Gas, 615
Oil, 609

Furnace Controls, 628

Fuses, 164

Electric Motor, 164

Fusible Plug, 482

G
Gage (see Gauge)
Gas, 15

Charged Thermostatic
Expansion Valve, 113
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Constant, 20

Control, 112, 338

Definition of, 15

Hot Gas Defrosting, 137. 366,

369, 444
Law, 20

Leaks Testing for, 281,

395, 479

Pressure, 341, 26

Refrigerant, 67

Saturated, 543
Superheated, 543

Supply, 338

Velocities, 555

Gas Control
Servel, 338

Faraday Refrigerator, 330

Gas Supply, 338

Gaskets, 52

Compressor, 89, 100

Door, 232

Gauge, 47

Compound, 15, 47

Manifolds for Testing and

Servicing, 260

Pressure, 47

Pressures, 16

Gauges
Care of, 262

Construction, 47

High Pressure, 48

Installing, 260

Low Pressure, 48

Principles of, 47

Removing, 262

Use of, 260

Gear Compressor, 73

Gear Drive, 90

Generator, Absorption, 319

Genetrohs (see Refrigerants)

Gland, Packing, 89

Glass, Sight, 495

Governor, Motor, 165, 171

Grille, 574, 581

Grinder, 297

Grocery Cabinets, 405

Gun Oil Burner, 609

H
Hacksaws, 55

Halide Torch, Testing for

Leaks, 282

Hammers, 56

Hand Valves, 485

Hangars, 475

Hardware, 229, 231

Hardware Repairs, 229

Head Pressure, 215

Heat, 12

Conductivity, 25, 720

Convection, 25

Definition of, 12

Effective Latent, 541

Energy Conversion Factors,

Exchanges, 451, 545

Flow, 25, 514, 596

Lag, 603

Latent, 22, 542

Leakage, 514, 516, 524, 598

Load Commercial,
513, 521, 596, 599, 605

Mechanical Equivalent of, 25

Pump, 634

Radiation, 25

^Removing, 12

Sensible, 21

Specific, 543

Sublimation, 28

Superheat, 543

Transfer, 25, 513

Unit, 20

Usage. 520

Heat Absorbing Capacity Ice, 22

Heat, Lag, 603

Heat Leakage Calculations, 513

Air Conditioning, 598

Ice Melting Method, 521

Water Cooling, 53 7

Heat Load
Air Conditioning, 596

Ice Cream, 538

Ice Melting Method, 521

Leakage, 513

Usage, 520

Water Cooling, 537

Heat Pump
Air Coil, 638

Coils, 643

Compressors, 643

Condensers, 638

Controls, 643

Cooling Cycle, 641

Cycles, 636

Heating Cycle, 639

Operation, 635

Purpose, 634

Theory, 634

Valves, 645

Wiring Diagrams, 645

Heat, Specific, 21, 543

Heat Transfer, 25, 597

Conduction, 25

Convection, 25

Radiation, 25

Heaters, Electrical, 615

Heaters, Mullion, 361

Heating Cycle, 570, 637

Heating Equipment for

Air Conditioning, 608

Heating Thermostat, 627

Hermetic Refrigeration

Adding Oil, 381

Assembling, 394

Cabinet, 221

Charging, 380, 399

Circuit Wiring, HO
Cleaning, 376

Commercial, 434

Compressors, 93, 100, 353

Condensers, 354

Controls, 353

Cooling Coils, 356

21 Cycles, 349

Defrosting Systems, 365

Dismantling, 384

Dryers, 393

Electrical Cir<

147 , 179, 358

Evacuating, 396

high Side Float. 392

History, 348

Installations, 348

Leaks, 395

Mechanism, 375

Motors, 176, 389

Motor Controls. 129

Motor Repairing, 187

Motor Servicing. 181, 186

Motor Types, 179

Oil, 399

Reciprocating Compressor, 93

Refrigerants, 218

Refrig. Controls Removing, 140

Removing the Unit, 381

Repairing Compressors, 388

Repairing Motors, 389

Repairing Units, 388

Rotary Compressor, 100

Service Valve, 374, 386

Servicing, 375

Testing, 399

Thermostat, 134

Troubles, 377

Tubing, 358, 395

Units, 348

Valves, 374, 385

Welding, 395

Wiring, 140, 179, 358

HG (Mercury), 15

High Pressure Side, 21

Float, 79, 122

Float Servicing, 277

Flooded System, 249, 252

High Side Float, 79

Removing, 268

Hinges, 229

History of Refrigeration,

Air Conditioning, 559.

Commercial, 401

Domestic, 11

Frozen Foods, 665

Hermetic, 348

Horsepower
Heat Equivalent of, 18

Motor, 166, 689

Hose, Charging, 294

Hot Gas Defrosting
444

144

Humid
'

s
-
567

Humid.'
Humidifying

Humidistat, 630

Humidity
Absolute,

I

24
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Accumulation, 135, 238

Artificial, 11

As a Refrigerant, 24

Cream Makers, 426

Cube Maker, 418

Cube Trays, 236, 240

Dry, 28

Facts Concerning, 24

Heat Absorbing Capacity, 24

Melting Capacity, 24

Natural and Manufactured, 11

Trays, Cleaning of, 236

Ice and Salt Mixtures, 24

Ice Cream
Cabinets, 413, 667

Cooling Load, 538

Makers, 426

Ice Cube Maker, 345, 418

Ice Cube Tray, 236

Icy-Ball Refrigerator, 325

Immersed Cooling Coil, 449

Pressure System, 450

Sweet Water, 449

Impeller, 73

Improper Refrigeration

287, 377, 544

Inches, Square, 13

Index, Discomfort, 578

Indicators, Moisture, 500

Induced Magnetism, 157

Induction Motors, 159

Capacitor, 171, 181

Repulsion Start, 165

Industrial Freezing of Foods, 421

Inefficient Unit, 28 7

Infiltration, 602

Inspections, Periodic, 510

Installation

Absorption Refrigerator, 241

Air Conditioning, 607

Code, 481

Commercial, 473

Condensing Unit, 482

Cooling Unit, 482

Domestic, 278

Electrical Connections, 163

General Directions, 241, 473

Hermetic Machines, 376

Multiple System, 473

Non-Code, 473

Refrigerant Lines, 482

Remote Mechanism, 474

Self-Contained Meehanism, 384

Testing
Code, 485

Non-Code, 479

Valve, 484

Window Unit, 623

Installing

Absorption Refrigerators, 241

Air Conditioners, 620

Commercial Units, 473

Cooling Unit, 277

Domestic Units, 278

Expansion Valve, 280

Float Valve, 280

Gauges, 260

Tubing, 476, 484

Two-Temp. Valves, 457, 506

Water Valves, 464, 489

Instructions to the Housewife,

Moving, 382

Vacation, 242

Winter Shut -Down, 242

Instruments
Air Distribution, 579

Air Flow Measuring, 590

Ammeter, 184

Anemometers, 593

Barometer, 591

Gauges, 47

Manometer, 590

Pitot Tubes, 591

Thermometer, 46

Velocimetor, 592

Voltmeter, 185

Wattmeter, 185

Insulation, 604

Air Conditioning, 604

Automobile, 662

Building, 604

Commercial, 720

Domestic, 227

Frozen Food, 672

Motor, 177

Sealing, 720

Intake Valves, 270

Interference, Radio, 174

Intermittent Cycle, 324

Iso-Butane
Properties of, 214

"K" Factor, 515

Kerosene Burners, 336

Kerosene-Fired Refrigerators

Kerosene Specifications, 336

Klixon Valve, 190

Kulene, 200

Lacquer Finishes

Cleaning, 24C

Repairing, 240

Lamps, Steri, 237

Lamps, Ultra-Violet, 237, 407
;

Lapping, 272, 300

Latches, 229

Latent Heat
Application of, 22, 541

Effective, 541

Refrigerants, 23

Values, 23, 542

Lathe, 296

Law, Ohm's, 155

Laws of Refrigeration, 17, 65

Boyles, 17

Charles, 20

Daltons, 17

Gas, 20

General, 65

Peletier. 691

Leak Detector, Flame, 282

Leak Detector, Electronic, 283

Leaks, Testing for, 281, 395, 4

Leaks, Valve, 270

Leveling Screw, 376

Light Pilot, 342

Lights, Testing, 149

Limiters, Pressure, 113

241 Line
Liquid Capacities, 557

Refrigerant, 81, 471, 553

Suction Capacities, 557

Liquid Charged Power, 113

Liquid Cooling, 449

Liquid Line, Servicing, 497

Liquid Receiver, 75

Liquid Separator, 351

Liquids, 14

Loads, Cooling, 598

Loads, Heat, 596

Location, Condensing Unit, 222

Location of Refrigerator, 335

Locker Plants, 421

Low Pressure Side Float

Control, 79, 119, 120

Low Side Float Systems, 246

Lubrication
Compressor, 91, 100

Motor, 160

M
Machines (see Refrigerators)

Machine Screws, 60

Magnetic Center, 189

Magnetic Clutch, 656

Magnetic Field, 156

Magnetic Flux, 156

Magnetic Relay, 143

Amperage, 143

Clutch, 656

Current, 143

Potential, 144

321 Voltage, 144

Magnetism, 157

Magnets, Electro, 156

Mallets, 56

Manifold, Gauge, 260

Manometer, 590

Market Coolers (see Walk-In

Coolers).

Mass, 14

Mean Effective Pressure, 549
505 Measurement

Heat, 20, 542

Humidity, 567

Pressure, 16

Temperature, 18

Meat, Frozen, 669

Mechanical
Energy, Conversion Factors, 18

Refrigeration, Advantages of, 11

Mechanism
Absorption, 318

Cleaning, 312

Commercial, 429

Conventional, 243, 257, 473, 486

Domestic, 243

Hermetic Refrigerator, 375

Melting Capacity, Ice, 24

Mercury Column (HG), 15

Metal Cleaning, 691

Metering Type Two-Temp-
erature Valve, 457, 506

Methyl Chloride

Properties of, 211

Refrigerant, 694

79
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Substituting for Sulphur

Dioxide, 219
Testing for Leaks, 281, 479

Methyl Formate, 212
Methylene Chloride,

205, 208, 252

M. E. P., 549

Micro-Organisms, 666

Micron, 561

Milk Cooling Installations, 420

Mixtures, Ice and Salt, 24

Moisture Determinations

In Air, 563

Moisture In Systems, 499

Moisture Indicators, 500

Molecules, 14, 27

Monochlorodifluoromethane, 201

Motors, Electric

Adjustments, 167

Armature, 170

Bearings, 168

Belts, 162

Brushes, 166

Capacitor, 171

Capacitor Run, 172

Capacitor Start, 171,690

Capacitor Type, 171, 690

Cleaning, 161

Commercial, 508

Commutator, 165

Connections, 163

Construction, 159

Controls, 80, 129, 452

Differential Adjustment,

131,509
Range Adjustment, 131, 509

Data, 175

Design, 159

Direct Current, 174

Direction of Rotation, 167

Domestic, 79

Drive, 550

Efficiency, 550

Fan Motors, 188

Fans, 188

Foundation, 160

Frozen Food Unit, 667

Fuses, 164

Governor, 165, 169

Governor Troubles, 167

Heat Pump, 643

Hermetic, 176

Horse Power, 166

Induction, 159, 179

Insulation, 177

Lubrication of, 160

Magnetic Center, 189

Oiling, 160

Overloads, 190, 550

Pressure Control, 453

Principles, 130, 153

Protection, 190

Puller Bearings, 169

Repair, 168, 389

Replacement Terminals, 178

Repulsion -Start Induction, 165

Rotation, Direction of, 167

Rotor, 158

Safety Control, 454
Servicing, 167, 173, 181, 187
Shaded Pole, 188

Sizes, 176

Heat Input Method, 548

, M.E.P., 548

Split Phase, 179

Starters, 455

Starting Stuck Motor, 18

Stator, 158

Stuck, 181

Temperatures, 171

Terminal, 178

Testing, 167, 305

Testing Stand, 305

Theory, 158

Troubles, 167, 509

Types, 153, 159

Volt Connections, 163

\\i nding. Insulation, 177

Wire Sizes, 175

Motor Controls, 80, 129, 451

Moving Instructions, 382

Muffler, Compressor, 94

Mullions, 361

Multiple Systems
Code Installations, 481

Installations, 403, 474

Servicing Dry Coils, 502

Servicing Flooded Coils, 504

N
National Safety Code, 700

Natural Gas, 341

Natural and Manufactured Ice, 11

Neutralizers, 500

Noise
Compressor, 292

Expansion Valve, 293

Hermetic, 376

Motor, 292

Syphon Seal, 293

Unit, 292

Non-Code Installations, 403, 474

Cooling Unit, 475

Testing, 479

Tubing, 476

Non-Frosting Cooling Coils, 533

Normal Charged Power

Element, 112

Nuts, 59

Ohms Law, 155

Oil

Adding to the System, 286

Burner, 609, 613

Care of, 49

Charging Apparatus, 303

Compressor, 49

Dispenser, 310

Filter, 575

Fuel, 609

Heat, 609

Hermetic, 399

Motor, 160

Pressure Safety Control. 454

Refrigerant, 49

Separator, 463

Traps, 463

Open End Wrench, 44

Operation of:

Absorption Cycle, 321,337
Compression Cycle, 26, 65

Electric Motors, 158

Expansion Valves, 103,117
Float Valves, 119

Thermal Valves, 106

Orifice, 555

Organism, Micro, 666

Oven, Drying, 306

Overhauling
Compressor, 269

Cooling Unit, 275

Electric Motor, 389

Overload, Motor, 135

Protector, 135, 150

Ozone, 577

P

Packaged Coolers, 621

Packing Gland, 89

Painting Equipment, 313

Pan Type Float Control, 121

Partial Pressures, 17, 329

Parts, Cleaning, 287

Parts of Compression Cycle,

26, 65, 67, 243

Pelitier Effect, 691,

Perfect Gas Law, 20

Performance Compressor, 65, 5"

Perkins, Jacob, 11

Phase, Single, 157

Permalytic Condenser, 180

Physics of Refrigeration, 12, 539

Pilot Light. 342

Pinch-Off Tool, 286

Pipe,

Copper, 33, 483

Fittings, 63

Threads, 63

Piston, Compressor, 85

Piston Pins, 86

Pitot Tube, 591

Plate, Condenser, 74

Pliers, 56

Plugs, Fusible, 482

Policy, Shop, 314

Porcelain Finis

Cleaning, 217

Repairing, 240

Potential Relay, 145

Poultry, Frozen,

Pounds, 14

Power, 18

Power Elemerv

Pow
r.88

660
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Effect on Boiling Point, 25

Equalizing of, 263

Evaporating, 25

Expansion Valve, 77, 103
Gas, 16, 341

Gauge, 47

Head, 27, 67, 215

Heat Diagrams, 200, 694
Mean Effective, 549

Measurement, 16

Motor Control

Commercial, 453
Domestic, 133

Refrigerant, 215

Scales, 16

Units, 16

Valves, 457, 463

Water Valve, 466

Pressure Drop, 554, 585
Pressure-Heat Graphs, 541, 694
Pressure Limiters, 113

Pressure Lubrication, 91, 100
Pressure of Condensation,

27, 67, 215
Principle, Faraday Refrigerator

Motor, 130

Processing Plant, 421

Progress of Air Conditioning, 559
Propane, 214

Properties of Refrigerants,

194, 539

Protector, Overload, 190

PSIA, 15

Psychrometer, Recording
Sling, 565, 569

Psychrometic Charts, Comfort, 569
Puller, Wheel, 487
Pulley, 161

Pump, Heat, 6'34

Cooling Cycle, 636
Heating Cycle, 637

Pump Vacuum, 396, 510
Punches, 56

Purging, 497

Purging Equipment, 309

Purpose of Air Conditioning, 560

Q
Quality, Refrigerant, 193

Quantity, Refrigerant, 285, 493
Questions, Review, Answers to, 721

R
Racks for Storage, 310
Radial Flow, 589
Radiation of Heat, 25, 603

Radio Interference, 174
Railway Car Construction, 425

Range Adjustment, 131

Ratchet Wrench, 45

Reamer
Bearing, 168

Fitting, 46

Receivers, Liquid, 75, 440, 493

Removing, 267
Tank, Removing, 267

Reciprocating Compressor, 68

Recommended Temperatures for

Commercial Refrigerators,

216, 525

Record Keeping, Service, 510
Recording, Pressure Gauge, 486
Thermometer, 400

Rectifier, Servel Cycle, 326

Refacers, Fitting, 46

Refrigerant, 193

Adding to System, 496

Ammonia, 209, 694

Amount in System, 219

Butane, 214

Carbon Dioxide, 196

Carrene #1, 205

Carrene #2, 198

Changing, 218

Characteristics of, 193

Charge, 219, 493

Charging, 301

Checking Charge of, 219

Classification, 195

Controls, 76, 103, 451

Curves, Use of, 217

Cylinders, 50

Discharging, 285, 495

Distilling Apparatus, 310

Ethyl Chloride, 210

F-U, 198, 695

F-12, 199, 696

F-13, 200, 202, 203

F-21, 200, 697

F-22, 201, 205, 206

F-113, 204, 207, 698

F-114, 204, 207, 699

Freezol, 214

Freon (see F-ll to F-114)
Frozen Food, 201

Gas, 26, 67, 541

Gas, Saturated, 543

Superheated, 543

Group #1, 196

Group #2, 208

Group #3, 214

Genetron (see F-ll to F-114)
Hermetic Unit, 218

Iso-Butane, 214

Kulene 131, 200, 201

Line Capacities

Liquid, 553

Suction, 553

Lines
Connecting, 484

Copper Steel, 81, 471

Installing, 483

Methyl Formate, 212

Methylene Chloride,

205, 211, 694

Oil, 49

Pressures, 215

Propane, 214
Properties, 194, 539

Quantity, 285, 493

Removing, 285

Requirements, 193

Selection, 217

Substituting, 218
Sulphur Dioxide, 212

Superheated, 543

Tables, Use of, 217

Thermon, 200, 697
Transferring, 219, 285

Refrigerant Charge, Checking, 49

Refrigerant Control
Automatic Expansion Valve, 10!

Capillary, 124, 714

Characteristics, 103

Hermetic, 356, 392

High Side Float, 122

Low Side Float, 119

Thermostatic Expansion

Valve, 106

Refrigerant Cylinders, 500

Refrigerant Dryness,
Determining, 717

Refrigerating Cycle, with Secon-

dary Cooling System, 351

Refrigerating Mechanism,
Water Chiller, 619

Refrigerating Unit, Assembling, 2

Refrigeration, Basis of

Mechanical, 12

Commercial Application, 401

Cycle, Absorption, 316

Compression, 65, 67, 243

Data Sheet, 518

Fittings, 33

History of, 11

Installation, 278, 376, 473

Laws of, 65

Materials, 31

Mechanical, 12

Oil, 49

Scope of, 12

Systems, Commercial, 429

Ton, 24

Refrigerator, Care of, 238

Refrigerator Cabinet,

Accessories, 235

Construction, 226

Domestic, 221

Finishes, 237

Location, 238

Wiring, 359

Refrigerator, Charging, 283

Refrigerator, Cleaning, 239, 240

Refrigerator, Defrosting, 238

Refrigerator, Elementary, 26

Refrigerator, Installing, 241

Location, 238

Cabinets, Frozen Food, 667

Frozen Food, 665

Relays, 142

Servicing, 149

Types, 149

Remote Power Element
Motor Control, 135

Removing Air From a System,

284, 478, 480

Motor, 108

Removing Refrigerant, 267

Repairing Hardware, 229

Repairing Refrigerating

Systems, 257

Repairing Threads, 40

Repulsion Start, Induction

Motors, 165

Resistance, Electrical, 155

Resistance, Valve, Elbow,Tee, 556

Review Questions, Answers to, 72

Rotary Compressor, 71, 96, 100
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Rotation, Motor, 167

Rotor Construction

80, 98, 101, 158

Rules, 57

s

Safety Code,
Mechanical Refrigeration, 700

Safety Disc, 482

Safety Plug, 482

Safety Valve, Servel, 343

Salt and Ice Mixtures, 24

Saturation Curve, 567

Scales Pressure, 16

Scales, Temperature, 18, 19

Scotch Yoke, 70

Screens, Servicing, 498

Screw Drivers, 57

Screws, Machine, 60

Seal, Compressor, 71, 88, 99

Seal, Repairing Crankshaft, 273

Secondary Refrig. Circuit, 357

Seebeck, 720

Selection of Refrigerants, 217
Sensible Heat, 21

Separators, Oil, 463

Servel, Absorption Cycle, 319

Servel, Absorption Systems, 326

Servel, Connecting Unit, 340

Servel, Servicing, 345

Service Contracting, 511

Service, Estimates, 511

Service Valves, 81, 263, 285

Service Valve Attachment, 386

Servicing

Absorption Systems, 335

Air Conditioning Systems

375, 487

Automobile, 663

Commercial Systems, 487

Conventional Systems, 257

Domestic Systems, 257, 375

Electric Motors,
167, 173, 181, 187

Heat Pump Systems, 3 75, 48 7

Hermetic Systems, 375

Set Screws, Allen, 161

Shaded Pole Motor, 189

Shelving, 226

Shop Equipment, 295

Shop, Refrigerator Service, 295

Sight Glass, 128, 495

Silica Gel, 394

Silver Brazing, 40

Single Phase, 157

Sling Psychrometer, 565

Slug, 14

Socket Wrench, 43

Soda Fountain, 414

Soldering Equipment, 299

Soldering, Soft, 37

Solenoid Valves, 127

Solids, 14

Solid Absorbent, 318

Specific Heat, 21, 543

Split-Phase Motor, 175, 179

Spray Painting, 313

Square Feet, 13

Square Inches, 13

Stamps, 57

Standard Conditions of Air,

560, 579

Stands, 310

Starters, Motor, 454
Stator, Compressor, 101

Stator Motor, 80, 158

Storage Practice, 216, 525
Storage Racks, 310

Strainer, 167

Sublimation, 28

Substituting Refrigerants, 218

Sulphur Dioxide, 212

Latent Heat, 23

Properties of, 194

Substituting for Ethyl

Chloride, 219

Substituting for Isobutane, 219

Substituting for Methyl
Chloride, 219

Suction Line, 81, 264, 482

Suction Line Evacuating, 478

Suction Line Freezing, 291, 502

Suction Pressure Valve, 127

Superheat, 543

Supplies, 313

Surge Tanks, 462

Sweet Water Bath, 449

Switch, Defrosting Safety

Overload, 135

Starting, 192

Symbols, 15

System, Absorption, 316

System, Compression, 65

System, Discharging, 497

System, Evacuating, 478

System, Faraday, 330

Systems, Absorption, 624

Absorption Construction, 324

Air Conditioning, 607

Alarm, 673

Automobile, 649

Capillary Tube, 253

Cascade, 428

Compression, 243

Conventional, Servicing, 257

Dry, 243
Flooded, 79, 119

Hermetic, 348

High Side Float, 249, 252

Low Side Float, 246

Moisture in, 499

Multiple. 403, 474

Thermoelectric. 720

Sweet Water Bath, 449

Switch, Defrosting, 137

T

T-H Index, 578

Tables, Refrigerants, 217

Tanks, Surge, 462

Taps, 60

Tap Drill Sizes, 61, 63

Technical Characteristics, 683

Temperature, 18

Temperature, Absolut

Air, 562

Air Conditioning, 562

Ambient, 29

Control, 80, 159, 452
Conversion of, 19

Critical, 28

Dry Bulb, 563

Effect of Pressure on

Evaporating, 25

Effective, 572

Equation, 19

Evaporating, 25

Wet Bulb, 564

Temperatures, Frozen Food, 668
Temperature Curves,

Pressure, 217

Temperature Measurement, la

Temperature Scales, 18

Temperature Tables,

Pressure, 217

Terminals, Motor, 178

Test Lights, 149

Tester, Expansion Valve, 307

Float Control, 307

Leak, 282

Testing, for Leaks, 281, 479

Compressor, 269

Hermetic Units, 399

Thermostatic Expans;

Testing Stand, Compressor, 304

Testing Stand, Expansion
Valve, 308

Testing Stand, Float Valves, 307

Testing Stand Motor, 305

Testing Stand, Thermostat, 308

Testing, Thermostatic

Expansion Valve, 1 1

1

Thermal Unit, British, 20

Thermocouple, 691

Thermoelectric Refrig., 720

Thermometers, 46

Thermostat, Cooling, "27

Thermostat, Servel, 342

Thermostat, Testing, 141, 308

Thermostat, Troubles, 150

Thermostatic Expand

Capacities, 1 16, 246

Testing. 11"

Thermost '*.

134, 454

Thermost.v 468

Threads,

Timers, Del

"Ton" of H • 24

Too M
Torn

287
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Refrigerant Controls,

103, 287, 498

Trouble Shooting

Absorption Systems, 345
Commercial Systems, 544
Conventional Systems 287, 544

Electrical Systems, 147

Hermetic, 147, 377

Motor Controls, 150

Motors, 167, 173

Refrigerant Controls,

103, 264, 498

Truck Refrigeration, 423

Trukold, 325

Tube, Capillary, 125

Tube, Capillary or Choke, 78

Tubing, 31, 81, 484

Tubing, Annealing, 36

Tubing, Bending, 36

Tubing, Connecting, 395

Cutting, 33, 64

Fittings, 32, 483

Tubing, Hermetic Unit, 64, 358

Tubing, Installing, 64, 476, 484
Two-Temperature Valve, 457

506

Types of Compressors, 68

U
Ultra -Violet Ray Lamps, 237,

407, 505

Unit, Air Conditioning, 621

Unit, Checking Before
Starting, 479

Unit, Area
Heat, 20

Pressure, 16

Unit, Starting (Low Side Float

System), 480

Unit, Temperature, 18

V
V-Belts, 162

Vacuum Pump, 396, 510

Valve, Absorption System, 338

Automatic Expansion, 77,

103

Bellows Type Expansion,

105

By-Pass, 654

Compressor, 87, 99, 271

Diaphragm Type
Expansion, 106

Disc, 272

Expansion, 77, 103, 555

Flapper, 71, 87, 99, 271

Float, 76, 79

Plate, 88

Valves, Care of Service,

53, 263, 285

Check, 123, 126, 461

Compressor Low Side

Pressure Control, 463
Discharge, 87, 271

Electric Water, 465

Expansion, Installing, 244,

280

Repairing, 275

Float, Installing, 246, 280
Hand, 485

Heat Pump Reversing, 644

Hermetic, 374, 386

Installation, 468

Manual, 53, 468

Metering Type, 458

Pressure Controlled

Expansion, 77, 103, 555

Pressure Regulating, 341

Refrigerant Line, 53, 485

Repairing Compressor, 271

Removing, 268

Riser, 469

Service, 53, 81, 263, 285, 506

Suction, 87, 271

Snap Action Type,
Two Temperature, 459

Solenoid, 127, 460

Suction Pressure, 127, 463

Thermostatic Expansion, 77,

106, 117, 246

Thermostatic Two Temper-
ature, 459

Two Temperature, 457, 506
Water, 464
Weight, 123

Vee Belts, 162

Vegetables, Fast Freezing, 666
Velocimeters, 592

Velocity, Gas, 555
Ventilation Requirements, 580

Volt, 154

Voltage Connections, 163

Voltage Relay, 145

Volt Meter, 15, 519

Volume, 13

Volumes for Heating, 583
Volumetric Efficiency, 84, 547
Vortex Tube, 683

w
Walk-In Coolers, 406

Water Chilling, Absorption, 624
Water Circuit Troubles,

Tracing, 491
Water Cooler, 415, 449
Water Cooling Loads, 537
Water, Latent Heat, 23

Water Strainer, 467
Water Valve, Electric, 465
Water Valve, Pressure, 466
Water Valve Pressure

Setting, 489

Water Valve, Thermostatic,
468

Watt, 21, 185

Wax in System, 503, 681

Weight, 14, 250
Weight of Air, 579

Welding Compressor Dome,
395

Welding Equipment, 298
Wet Bulb Temperature, 564
Window Air Conditioner, 623
Wire Sizes, 175

Wiring, 140, 235, 645
Wobble Plate, 659

Woodruff Key, 8 7

Work and Energy, 18

Wrenches Used by
Servicemen, 43

Wrench Adapters, 45

Adjustable, 44

Box, 43

Service Valve, 44

Socket, 43

Torque, 43

Y
Year Round Air Conditioner,

617
Yoke, Scotch, 70

Z
Zero

Absolute, 19

Pressure, 16

Zone, Comfort, 571
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